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Deaeription 

HELD OF THg INVErmON 

5 The present Mention is related to a process lor amplifying and detect»»g existing nucleic acid sequences if they 

are present in a test sample. IWIore specifcally, it is related to a process tor producing any particular nucleic add se- 
quence from a given sequence of DMA or RNA in amounts which are large, when compared to the amount initiafly 
present The DNA or RMA may be svigle or double^etranded, &n6 may be a relatively pure species or a component of 
a mixture of nucleic acids. The process of the invention utflizes a repetitive reaction to accoir^nsh the amplification of 

10 the desred nucleic acid sequence. 

BACKGROUND OF THE INVENTION 

For cfiagnosUc applications in particular, the target nucleic acid sequence may be only a minute portion of the total 
IS pool of DNA or RN A in a sample to be 6creened,.so that it may be difficult to detect the presence ctf the target nucleic 
acid sequence using nonisolopically l^led or end-labeled oligonucleotide probes. Thus, diagnostic tests employing 
DNA probes to detect rare species of nudeic acids are often not sensitive enough to be practical lor use outside erf the 

' One attempt to overcome the sensftivity problem is the polymerase ch^ reaction PCR) method, descrft>ed in U: 
20 5. Patent Nos. 4.683,1^ and 4,683,202 (the 195 and '202 patents*). This method proceeds basicalljft as follows: 

a) treating a sample suspect of containing the target nucleic acid sequence of interest with one oligonucleotide 
primer for each strand of the target nucleic acid sequence, under hybricfeing concfitions and in the presence of a 
polymerase, e.g., the Kienow fragments of E^jeri^iia^ DNA polymerase^, such that an extension product of 

ss each primer Is synthesized if the target nucleic acid sec^ience is pr 

b) placing the sample after step (a) under denaturing concmions to separate any primer extension products that 
w^iTmrnthesized from the templates on which they wore synthesized to produce sngle-^Uanded nwlecules; 

c) treating the single-slranded molecules generated from step (b) with the primers c* step (aXunder the conditKxw 
olstep(a) such that the new primer extension products are synthesized using both t^ 

30 and the priner extension products produced In step (a) as templates, thus resulting in the ampWicalion of the target 

nucleic acid sequence. 

Steos faHc) may be conducted sequentially or srnuftaneously. In addftion. steps (b) and (c) may be repeated until the 
d^i^ tavel of sequence ampBficallon is obtained. As (fiscussed in U.S. Patent Nos. 4,683,195 and 4,683,202, the 
ss product of step (c) may be detected using probes. -rv.- or-o 

The PGR method has a disadvantage in th^ it f aBs to completely overcome the sensHiv^ problem. The PGR 
method uses all lour nucleotide bases to extend the primer fragments. Therefore, extension proc^icts may be created 
Iromother non^arget nucleic acid ternplalesthmrnay be present in the sarnple such as nk^ 
The lee erf the PGR method results « considerable background ol amplified DNA other than the target sequwce(s). 

As wili be discussed in detail later, the present invention uses at least two oiigonucleotidee lor each strand of targ^ 
nudeic acid sequence and uses lewer than aR lour bases, thus recfeicing the problem of nortspecific. background 
amplificatm lor a number of reasons. For example, when labeled nucleotides are used, the gap wlB be filled v«th 
labeled nudedlides H the nucleic acid target sequence exists in the sample and the irrelevant sequences will not be 
cooled or |^^^>c lod- 

The polymerase chain reaction method also requires heat stable enzymes lor the process to be automated, while 
the process of the present invention can be performed using heat-labile enzymes or without any enzymes, depending 
upon the particular en*odirnent In addition, the detection of amplified nudeic acids produced in the PCR method often 
ri^res the use of gete or a capturing system, which are laborious detection methods, kt contrast, the detection of the 
amplified sequences ii the present kwention is relatively sirr^e. For example, a Sephadax column can be used to 
separate the krfned. oBgonudeotide products formed when the target sequence ie preseol apart from the indlviduai 
nuctootides European Patent Application 0246 864 asdoses a method lor detedln^ 

involving hybricfealiono* two nucleic add probe molecu^ which nucleic add probe 

molecules are such, that upon hybridization they are adjacent in a manner that the gap existing behween the probe 
molecules can be filled by target directed polymerization of me gap, for example using a polymerase and subsequent 
ss rmkage, lor wcample by DNA Bgase. . ^, ,u 1. 

Other methods, beside the PGR method, exist lor producing nucleic adds m large amounts from initially small 
amounts For exafTi>le. there is the method of subcloning a nucleic acid in the appropriate host system, where the 
desired nudeic acid is inserted kito an appropriate vector which is used to transform the host When me host is cultured. 
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the vector is replicated, and hence more copies of the desired nucleic acid are produced. For a briel description of 
subdoning nucleic acid fragments, see Maniatis. T. , et al. Molecutar Cloninq: A Laboratory Manual CokJ Sprkig Hartxxr 
Laboiatory. pp. 390-401 (1982). See also the technk^ues described in U.S. Patent Nos. 4.416,988 and 4»403,036. 
Other methods tor synthesizing nucleic acids include the organic synthesis of a nucleic acid Irom micleotid de- 
5 rivalives such as the methods described in U.S. Patent No. 4.356.270. Another example d the method lor synthesizing 
nucleic acid b protrided in u!s. Patent No, 4,293,652. which is a hybrid of organic synthesis arwJ molecutar clonrig. 
The discussion of these and other methods in the '195 and *202 patents, as weB as the patents listed ^bove. are 
incorporated herein by reference. 

»a SUMMARY OP THE INVENTION 

The present invention relates to a process for amplifying one or more specific target nucleic acid sequertces present 

in a sample. . . 

In one embodiment of the present invention, the ampirtcation is accomplished by using two or nrxxe oligonucleotide 
T5 complement pairs wher«n at least one strand of these digonucteotide pairs has a rtudeotide sequence complementary 
to at least a portion of the target sequerKe. The oligonucleotides are selected so there is a g^ of at least one base 
when the ccmplememaiy strarxis of the 'ofigonucleotide ccmplemerit pairs* and the target nucleotide are hyt>ridized 
to one another. The gap t»etween the oligonucleotide corr^lement sequences is fiDed by a mixture of polymerasQ! and 
ligase producing an ofigorwcleotide repair product The resulting mixture of hybridized ny>lecules is then placed under 
denaturing coTMl'rtlons. 

After the strands separate durir>g dertaturation. the tigated oligonucleotide product can hybridize to its complemen- 
tary strands from other oligonucleotide complement pairs, and then the gap Is filled again. The process is repeated as 
often as is necessary to produce the desired anxHint of oligonuclectide repair product In one embodiment of tfie 
present bvention, the enzynnes are 'nunoblBzed on a polymeric stipport 

25 the present method is especially useful, for anr^lifying sequences incficative of a genetic disorder and rare species 

of nucleic acid present In a mixture of nucleic acids, and further permits the effective detection of such nucleic add 
sequerK^es. The present invention provides a process for amplrfying at least one specmc nucleic add sequence p a 
sarr^ of a nucleic acid or a mixture of nucleic adds. Each rujclew: add targ^ could consist cf one strarKt (RNA) or 
two separate complementary strands (DNA) of equal or unequal length. 

30 The process is accomplished as follows: 

a) Treating the sarnple with oBgonuclecrtido corifiplement pairs A>' and B.B' under hyt>ridrzing and gap filling cprv 
cfitior». A is an oiigonudeotide and A* is an oligonudeotide Ih^ is complemeriitary to K B is an oltgonucleqtide 
and B* is an bligonudeotide that is complementary to B. When the se^ c« two pairs A^' arKi B.Br are hybridized to 

3S nudeic add target A and B, which hybridize to one strand of the target forms a gap of one or more bases between 

them Also, A* and B* form a gap of one or more bases between them. The gap is filled with labeled or unlabeled 
base<s) such that A arxl B become one strarid 1^ a continuous base sequerM 

or unlabeled bases, (AO-B). where Q Is(are) the ba5e(8) that fiB the gap. Q could also be a base modified to t>e 
resistant to degradation caused by the 3r->5*exonudease activity of polymerases used to fiB the gap. Also, A':arKi 

4o are now one strand with a continuous base sequerm virith one or more extra labeled or unlabeled bases, (A*- 

a-B^, where Q* is(are) the base(s) that fill the gap. SimBarty* Ct could also be a mocfiTied bases resistant to deg- 
radation caused by the ^, 5* exonudease activity of polymerases. For any continuous base sequence AOHB or 
A'^y-B^.Q CM- Cy can be corriposed erf only or» set 0* base pairs tor ariyspecSic^s Le.,%A-T, ArU. Q-G, or 

derivatives of these bases. A-Q-B arxl A'-GT-B* and are r>ow joined, ofigoriucleplide products and can now serve 

4S as "targrt* sequences for other oligonucleotide complement pairs. When the joined. oBgonucleotide product is 

formed by this gap-filltng, 6gated process it is termed an 'oBgonudeotide repair product* 

b) Treating the sample urKler denaturing corxiHions to separate the oligonuclebtide repair products from their tar- 
gets. If the nucl^ add target sequence(s) ls(are) present. 

c) Treating the sample as in step (a) with digonudeotide con^ement p^ A,A' and B,B^ under hybricfizing artd 
so ^ip-filfirig cotkI itions such that ari oligonudeotxte repair product is obtairted using each of the sngle strands pro- 
duced In step (b). resulting ^ the amp&fication of the specific nucleic acid target sequence<s) 9 preservt 

The steps may be corKlucted sequentially or simultaneously In addition, steps (b) arxi (c) may be repeated until 
the desired level of sequerxxe ampltfication is obtained. 
ss This invention is also relate to methods for the detection ol the anr^Gfied specific nucleic add sequence and 

diagnostic kits applicable thereto. 
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BFUEF DESCRIPTION OF THE DRAVSnNGS 

Rg. 1 iBustrates a 48 bas pair ten^th sequence c4 HIV trom GAG region desired to be ampBfied. Th bas pairs 
which mi the gap is depided above arwi betow the 48 base pair 

Figure 2 shows a 1 2% po»yacrylamide-7M urea gel, where each tene consists o« a cycle that includes: boiling.tho 
mbcture oT human immunodeficiency vims (HIV) plasnrid target with labeled digbnucleoiides. attached to photoreactive 
compounds, quick cooling the rroclwe, to 3r C and irracfiating the mixture tor five nmutes. 

Rg. 3 depicts an apparatus lor carrying out one errt>odffnent of the method of the present onvention wherein the 
oruymes used are frnmobirized on a po^^ric support 

DETAILED DESCRIPTION OF THE PFIEFEFlFrED EMBODIMENTS 

Definftions 

The temi •oligonucleoltde* as used herein. Is defined as a molecule comprised <rf three or nrx>re deoxyrtbonucle- 
cAkles or n*bonucleotides, preferably more than five. 

The term "blunt er>d' is defined as two oligonucleotides that have sequences complementary to each other aixJ at 
least one end of equal length when hybrkfized together. 

-Sticlcy end^ as defined in this appBcatkm refers to two (rfigonucteotWes that have sequences complementary to 
each olher and at least one end of unequ^ ler>gth when hyforkfized together. The categories d bhml end and sticky 
endareStustratedbetow 

The term two oUgonudeolkle cornplemenl p^rs* are at least four different oftgonudedMes which are desisted, 
lor example^ A, A' and wherein bligonudeolkJe A has a base sequence complementaiy to A', and oligonucleotkJe 
B has e base sequence complementary to BT. Each pair could be equal or unequal in lengttx whk:h is Slustrated as 
zs fonowtfs: 

Category l Qlkionucleotide Complement Pairs with Blunt Ends 

gt h 5'-CCC 2 3' 

30 3- TAG-5 • 3'-GGG '• 5* 

A' ^ 

Category 2. Oltqonuctedide Comptemant Pairs Each Hawno On e Blunt and One Sticky End 

ss 5t 1 ^ATCA'3' 5»-CCC 3' 

3 . TAG- 5 • 3 • -AGGG — 5 ' 
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Two oligonucleotide complement pairs with a slfcly end on or» end <rf each p^ 
^ the cdBection of an^ified oTigonucleotWes of tt»e present nnventkm. ft wouW be understood that more than two oligo- 
nuclec^ pairs cooW be used in the process ol the present invention. 

The term "gap" as used herein refers tothe abser*ceof oneor nwe bases between A and B, E and F, or t>etwe©n 
A' arKJ B". B and P. If more than two pairs are used then there may be more than one gap. The gap Is created when 
the p^rs are hybridized to the nudek: acid target* as for exan^te: 

^ Line 1: 5"- ^ATCATATCCC 3' 

Line 2: 3' TAG GGG 5* 

(the gap) 

Une 1 is Ihe sequence of the nuctefe add target, and fine 2 represents oUgonucleotkte complements A' and B*. as 
hybrkfized to the nucleic acW target sequence. H the target sequence Is double-etrandea oligonuclec^kJes A and B 
will forin a hybrtt with the sequence conripternentary to the target seq^^ 

A GAP-RLUNG- UGATtON AMPUFICATION 

In one embodiment of the process for ampRfytng ruiciek: acid sequences of the present invention, at least two 
oligonudeotkie complement pairs are combffied with the sample suspected or known to contain the target nucleic ackJ 
sequence of interest under hybrkJirng conditions. The oligonucteotkle complement pairs are selected so that there is 
a gap in the nucleotide sequence of at least one base k>etween the two complements when t^ie two complemente are 
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hybridized with the nucl ic acid target sequence. The gap is then fitted and th two oligonucleotides are ligated togethec; 
producing an oSgonucleotide repair product The process ol gap-filDng plus ligation is analogous to the repair c# mis- 
matched t>ases. and oth f rrors that occur dwingDNAr plication, repair ctf UV damaoe, and other processes in vivo . 
The nudeic acid target sequertce and the otigcnucteotide repair product sequence may then be separated arKl the 
5 process repeated over and over again until the desired level of amplification has been achieved. To avoid a problem 
of background synthesis occurring during the gap filling step, ttie two or more oligonudeotide complement pairs are 
selected so that the gaps between them will require less than aH four t>ases to fill in the gap, prelerat>ly one set of 
complementary bases, narrtety A-X A-U, or G-C. Without all four bases, random synlheeis would not be initiated by 
nucleic acid sequences that may have nicks or are in the process of repficatkxi or transcription* 

10 

1. Nuciek: Acid Target Seouences 

The process of the present inventk)n can produce exponential quantities at least one specific nuctek: ackJ sequence 
relative to the number of reac^ksn steps involved, provkled that (a) at least part of the nucleic acki target sequence is 

IS kr)own in sufTicient detail that oligonucleotkie pairs can be synthesized whk:h can hyt>rkfize to it, or (b) the target se- 
quence can be isolated in large erxxigh quantities to produce enough oligonudeotkSe complement pairs for use in the 
process. Any source of nucleic acid can be utSized as the source of the target nucleic ackt sequerice, kt purified or 
nonpurtfied form. For example, the process rhay employ either ^gle^randed or double-stranded DNA or RNA. In 
addttksn. a DNA-RNA hybrki whtoh contains one strand of each may be utilized. A mixture of any these rujctec ackis 

20 may be empksyedL The specifk: nudete ackl sequertce to be amplified may be only a fractkan of a larger molecule, tt 
may be a mk>or f ractkxi of a complex mixture, such as a portion oT the HIV (human knmunodencief^cy virus) gene 
inte^ed in the genomic DMA of an infected persort, or bacteria} nudek: ackl present n very low quantities in a 
partcular bk>k>gical sannple. 

To determkie the sequence of the target sequence(s). or as a sample to be tested, the hud^ ackS or adds of 
ss interest may be obtained from any source, for example, DMA or RNA. Isolated from bacteria, viruses, yeast and Ngher 
organisms such as plarvts or anknals, from plasmkte such as PBR 322 arxl Ml 3, from doned DNA or RNA l>y a variety 
of techniques known to those sktBed ki the art DNA may also t»e extracted from cells ^own n tissue culture by tech- 
nkfues such as those described by Maniatis et aL, Molecular Ckxring a Laboraton^ Manual (New York: Cc^ Spring 
Harbor Lfiboratory, 1982). pp.280-281. 

30 

2. Olioonudeotfcte CoiTtptement Pars 

The oligonucleotkie complement pairs are prefer^>ty oegodeoxyribonucleoAkies. In addftion, the pairs must be 
Uyng enough to hyt>rkfize to the nucleic add target sequence{s). The length of the complemenft pairs can vary from four 

ss bases to hundreds of bases. A short oKgonucleottde ger>erally requires cooler temperatures to form stable, hyt>rkj 
complexes. The ofigoruideotkte sequerK:es synthesized are seleded so that two c^lgonudeolide con^lement pairs 
woukt both hyt>rk&ze to the target sequence and yet leave a gap of one or more bases. If the target sequerxxe Is skigle- 
stranded, only one haR of each digonudeotkto pair woukf r^t>rkfize to the target More than two pairs of oKgonudeotkie 
complements can be empksyed in the process of the inventkm as tong as the amplffkration wiB remain specific for the 

40 nuctek: add target sequer)ce(s). 

The oDgonucleotkto complement pairs nr>ay be prepared usir^ ar^ suitable method, ©.g., phosphoramkStes (Ap- 
plied Bkjsystems inc.) may be used as starting materials and may be synthesized as descra>ed t)y Beaucage,.^a!., 
Tetrahedron Ljetters, 1B59-62 (1981) and phosphorylated at 5*-end t>y methods woB-known in the art 

45 3. Denaturatton 

ThB strarKi separation can be accomplished by any suitable denaturing method ktducfing physk:al« chemic^ or 
enzyrrmtk: means. One phy^cal nr^thod of separating the strarxls otf the nudek: add kwolves heatkig the nuctek: acid 
until it is completety (rrxxe than 99%) dertatured. Typical heat denaturation may kwolve temperatures rar>gtng from 

so about 8(PC to 105*C. for tin>es ranging from about 1 to 10 minutes. Straruf separation may also be Muced by an 
enzyme from the class of enzymes known as helicases or the enzyme RecA. whteh has heficase activfty and in the 
presence of r^ATP is known to denature DNA. The reactkxi conditkxis suit£^e for separating the strands of nudeic 
ftrJrtft with hafieasesare descrft>ed bv Cdd Sortno Harbor SviTHX»te on Qiatntftative Btokxiy , Vol XUII "DNA RepBcation 
and Recombkwrtfon" (New York: CoW Sprkig Harbor taboratory. 1978), a Kuhn et aL, •DNA Helicases*. pp. 63^. 

55 and technk^ues for using RecA are reviewed in C. Radcfing, Ann. Rev. Genetfcs, 16:405-37 (1^2). 



5 



EP O 425 563 B1 



4. Gap-RllPiQ/Ltotron Steps 

Generally, the gap-filDng and Kgation steps occur in a buffered s^ueous solution. pr0fefak>ly at a pH of 7-9.most 
preferably at a pH 7.5. The otigonudeoCide complernent pairs will be present In molar excess of about lO^rlO^^ pairs 
5 per nucleic acid target sequence. The exact amount of the pairs to be used ^ diagrioslic purposes may not t>e Icnpwn 
due to uncertainty as to the amowrt of the nucleic acid target in a sample. Howevei; using an average amount of 10^^ 
oligonudeptide complement pairs is applicabte in a typical diagrkosis assay formal A laige molar excess is preferred 
in ariy case to'irhprove the efficiefK^y of the process of the ffi^^ 

In the process of ttie invwitioa typtcaBy only two complementary deoxyribonucleoside triphosphates would be 
10 used in the gap-fillfftg step, dATP and TTP, or attemati^ety. dCTP and dGTR StScky-ended oligpruMxIeotide compternertt 
pairs can be selected, so that only one type of deoocyn'bonucleosfcie triphosphate is requ^ed to fill in any gaps. Sticky- 
ended corhplement pairs can also be selected so that two corhplementary nudeoMes and one other mxxleotide are 
used to fill the gap. 

It is preferred to utilize modified nucleoside triphosphates known in the art to be resistiant to this exonuctease activity 
IS of pofyiTieiases, as de$crt>ed by D. Shortte et aL, Proc. NatL AcadL Set. USA^ 79: 1568-92 (1982); t. A. Kunkei; ibki. 
78 : 6734-38^ (1^81); F.R. Bryant et aL, Biochemistry 18: 2825-28 .(1979). Sudi molecules couki be thyrtiidine 5*-<> 
(1^k?triphosf^e) (TTP [oS]), 2*-dsaxyadenosine 5'<>^1-thiclriph06phato) (clATP [ceS]) artd the tf>ioderivatives of 
deoxycytidinej; deoxyguanidtne, deoxyuricfine and of cytidine, guanidine^ adenbsinei,; thymkiine,; and uracil Otherde* 
rivatlves of these bases that are resistant to ntidease activity are suitable, stich as a4rnkto derivative of tr^hosphate 
20 bases. . 

Sutfictei^t depxyribonudeolkle triphosphates are added to the gap-filtjhg/ligatir>g mixtiire In adequate arnounts and 
the resultmg solution is heated to about 9CrC to l60*C for c^pt>rOKffnateiy or>e to frve mnuHe^, profitably from ohq to 
three rhinutes. The solution istheh attowedtp coot to room te^nperature to alksw hybrklizaitonto^^bcc^ 1R> the cooled 
sottitipn, appropriate catalysts are added to induce the filBng and sealing dl the gaf> undercorKttibns krK^ 

25 For example, lotown DlNIA polyrT>ef3S6s can be used for the gap^flihg and knowm;^^ can Jon m^ resuittr>g 

product after tiie poiynVerase has.fHled the g^. The g^;>^^ ligation process inay occur a^^ up to a temper^ 

ature at which the catalytk^ agents no tonger lurKrtton effk:ierv^ the temperature is genera^ rio greater than atout 
40*'C. Thus, for example, if T4-pNA polymerase and t4-PNA figase ^re vsed, the ternperaitufe b g^)^^ greater 
than about 40*C (most convehientiy, the reactton occurs £tf ricxim ten^ evm at 4^C). . lf hieat Irisensithre 

30 erizyrnes'are tised, ther> the proc^ coukt occur at the^^r^ 

The cataVtic^ agerit liiay be iariy cbmpoimd or systern whklh wilt f unctk)h'to flQ the-^ap. betwieeh the two or rrksre 
bUgorhicleolbes ly^ the hu^ic eckj target Eri^^ include E: coli PNA pblvrner- 

asej. Kiehowfraqment of^E. coli dWa rx>Vrni^ase-l, t4^NA po^ 

ifir in the gap, T44>N[A ligase to join the oligonucle6lk)e(8), plus riucdeotkles added by'the pqlifrheifas^ to the other 
9S oiigohucleotide :cornplenherits;fo^ a joined oBgoraidedtkle product which ki this embodirnent is terrned me oiigo- 
nudeotkle repair product 

The oligohucteotide repair, pioducts hybrkfized to the nucleic ack5 targets en In a dquble-stfanded form. In the 
next step* the stimds of the doublsretrahded molecule are. again separated as described aboire to provkte skigle- 
striuxied'nrkflidculee. 

40 in , order to generate a mode of ampt9k:ation, the Jcxrked oBgonucleotkle molecules can hybrkfee to two more ofi- 

gonudedtide compleitmil pake. If necessary, additiortal enzyme appropriate deoKyribonucleotide triphosphates, and 
ofjgoriucleolides may tMS a^^ 

The steps of strand s^>aratiorv gap^lling and Hgatibn can l>e repeated as often as needed to produce the desired 
amount of U>e spec^ johi&d. o&gbnucleotkle pioduct assurnirig ttet orie copy of sihgle-strbrkied n^ target 

45 sequerx^ was present inihe rrux^ As kxtg as these st^ w^ be repeated, the ampTrffcalkxi of the 

speciik^nijcteic acid target sec^tence w9l take place in ah exponerrtial way. this.p other 
niidek: ackf taipet sequence^ by addkig different otigonudedtkto compterrieht pairs (or tripiels, ^sc) ttiat hybridize to 
different specific huaete add target sequehe^ wiU>pm chari^^ 

This particular ^mbocfiment of the kvyention coukf be performed in ja stepwise fashion, in which.new reagents are 

so added after each step; or sknutiartepusly. in which aD reagents are added at once. The reagents can also be added 
^er a given stage. Each ietep of the embbdirrierit usktg heat-stable enzymes wilt occur sequeoitial^ regardtess of the 
initial concerttratkx) of aS the reagents. When.heat-;5ensitive enzyrhes are used, it is rtecessary to add the ga|>fitftng 
axl sealing agents after every strand sepaiathx) (denaturatbrt) st^. 

In one embbcfiment of the present kwentton. the catalytic agents are immobffized on polymeric $t^>ports. After the 

ss gap-fiinng and ligation step, the products can be eluted from the immobilized enzymes and dertatured to sir>gie strands. 
At this point; the nudek: ackl target sequence(s) arkf joined, biigonucieotkle product(s> are available toform hybrkis 
with additkxial, ofigbnucleotkle complement pairs. These new hytnids are then transferred back to the immobilized 
enzymes to form joined products. The st ps of the reactkm may be carried out stepwise or sirmJitaneously ar>d may 
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be repeated as on n as desired. 

For mailer dlgonudeotide complements, for example. 6-10 bases, heat-ser^ltive enzymes could t>e employed 
m a simultaneous procedure, srce the meltmg temperature of doubte-strartded ofigonudeoAidee of this range is around 
40**C. and heat-ser^itive enzymes are active at this temperature. 

5 If heat-stabto gap-fiHhg and seaTmg agents are used, such as thermostable polymerase and tigase^ then the proc- 

ess could be employed at ah elevated temperature, preferably 60-90* C dependir^g on the heat-stable enzymes. The 
temperature would also be determined by the temperature at which there will be an equilibrium between single and 
doubte-stranded nucleic acids. Such a heart-stdble polymerase is descrft^ed by A.D. Kaledin. et al.» Biokhimrya. 45 , 
644-51 ( 1 960). A heat-stat>le pol/merBse and ligase could be extracted from Therm us thermophilus . 

10 After the appropriate period of perl ormfaig the p rocess has passed, and the desired amount of the oligonucleotide 

repair product has accumulated, the reaction may be stopped by inactivatir>g the enzymas in any krxTwn mar>ner or 
separatffig the components of the reaction on spun or Sephadex columns, by filtration^ or tiy gel electrophoresis as 
known in the art 

The process of this fftvention may be employed as an automated process. To do this, the reaction is cycled through 
IS a deriaturing step, a reagent addition step, arxl a reaction step. Also the process may be conducted continuously by 
adding the reagents automatically by a pump after the denaturing step, while the healang-cooling step could t>e per- 
formed by aspecia8y desi^ied, controlled heater block. 

The present inventkin is derrK)nstrated dtagrammaticafty t>elow Usir>g two oligonucleotxle complement pairs that 
have or^e sticky end each (Category2.) 



so 



£5 



30 



45 



SO 



Two Stickv-Ended Pairs 



5. 1 N 3' 5' N 3' 

3.^1 5» 2*n 5* 

' E* F' 

N Is a nucleotide modified to protect the strands from degradatkxi by 3r e>Goruicleasee» such as that lourKi as part of 
T4-DNA polymerase. C^gonucleotide complement pairs E. E" and R P are selected or eyrrthe^ed to corresporKf to 
sections of tie corrplete nudmc acid targ^ sequence R R Is a doublMiranded DNA corr^>rising complementary 
strand R-i- arKi R- represented as: 

5 t . - • . CATATC • • • • 3 • R+ 

[2] 

3»****- GTATAG ••••5' R- 

When [R] is mixed with a molar excess ofigoruicleotkSes of oomplemem pairs E. E' and F. P urxler corxiitiorts where 
$s me double-stranded rnotecules are dertaturedaixJ then are permitted to rehybric^ 
hybrids with E - and F*. while R- forms hybrids with E and F as Qkistrated by: 

5»»»*'— CATATC ••••3* R+ 

3' N G p 5' 

[31 

-GTATAG • 5 • R- 



^ CA C N 3' 



A represents the modmed nucleotxle N c( cfiagram [1] such as [MTPs aS). 

Next, TTP. dATP, E. cOll KlerMW fragment and T4-DNA Ggase are added to mbdure, penmifting the gap in the 
double strands to be filled and sealed, procteicingc 



ss 
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5 CATATC 3 ' 

3 ' N GT AT^^G pH 5 ' 

s . • 

5- E CATATC 3* 

3» GTATAG-r - S* 

10 



In this particular example, the Ktenow fragment adds the nucleotides to the 3^ of P and the tigase joins the added 
nucleotides to the 5' end of E and F are Joined in the same fashion, 
*^ In the first cycle* two new single-stranded DN A have been produced; After the next der^turating step, tfio nniblar . 

excees of the two oltgphucleotide complement pairs c^ hybridize to the original nucleic add targets as well as to the 
oligorKiclec^ide repair product lornted n the first cycle, thus four more oligonucleotide repair products are formed in 
the second cyde. The iomffltion of the r^ 

In this process, dATP and TTP could be labeled wft^ such as^» br'2S|, Nonrjradioactive 

^ labels can also be used. For exarrple. tTP could be replaced by Biotin-dUTP (Enzo Biochern),' and dATP couldibe 
replaced by,B)otinKlATP ais described by G. Gebey^^ 

In the case wher) blunt-^hded oKgohuclecrt^ pairs in solution are used (category 1 ). bhmt-end figation could occur 
behween the set of two paJrs in solution. However, since only me bases which filled the g^ are labeled, the bhint^ehd 
ligation products win not be counted in the detection step. 

B. DETECTION OF THE JOINED, OUGONUCLEOTIDE PRODUCT 

The jovied, oligohudeolide^procbx:! can be detected by any number of methods for detecting labeled molecutes 
aiKt/br molecules having a partbutar jlength or sequertce. For instarice, the reaction mbc may be passed through a 
^ Sepl^exc»>lunm to separate the labeled NTPs ar^j the Joined pfigonucleoticto product Sirx^thdivridual; nucleotide 
are much smaller thah the length; erf the t^> or nr>^ oligonucleotide comjplement pairs, the 'd^ection ol amplified 
rraterial should be fairty siriple ba^ - J 

Aiibther tecTmic^e to detect ampmied sec||uehce would require the construction-or isolatidh of probes Itt^ 
cornplementary sequences with erKxigh of each and every oTigcxiucleotide cbrnpiernent pair to tiind and hold the joihed 
^ product preferentlaBy. Such probes can be irmnobilized on any suftable substrate. Th^ may also be l^ted dWeren- 
tialty if desired. 

The preservt irvverrtion may bemused for in vitro diagr>o6tics. the process of ^iipl9yihg-nucleic acid sequences 
er^ible« the:detMiion ol.speclfib m 

disorders such as cancer. ArnpRficatioh is partlcuiarly useful when the^iKxn^ d nuc^ targeiin^aSabie for 

nosis is Ih minute quaritities* as, for exarnple»; in the prenatal diaghosis of sickle Wtemia,. which requires obtaining 
DNA frorn fetaj cejls.' Furthermore, I is within the ability of those skilled in the arti^thal the length ai>d: sequences of ^the 
oligonucleotide complements can be varied to detect deietior)s ar)d/br mutations in genbrnk: DMA frorn ariy:5>rganism 
These small char^ges are irripbrtaht in the dia^riosis of stich cbnc^k>hs as cystb f^Mrpsis, d-thalasserrkia. p^halasseimia 
arKJ the Bke^ 

Tb^ prcxsess of the inyentkxi rnay also irxSicate the preserK:e of ^^rious agent like pathoger»c viruses including 
human irnmuhodeficiency ^^rus (HIV)* herpes, hepatitis B and bacteria. ihclikSrig Satmohella artdoStednQ^^ 

U.S. Pat No. 4,358,535, issuedto Falkowv describes the use of specific DNA hyk>ncfization probes tor the dia9K)sis 
of irtfectious diseases. A problern inherent in the Falkow procec^re is ttrsA a relatively small nurribef off pathogenic 
organlsrhs may be present in a clihica} sarvtpie irom an infecled patient.arKl the DNA eoctracted frbm the pathogens 
^ rhay constitute only a very small fractky) of the total DNA in the sarhpte. Specie ampiifi^tkan cf suspected sequences 
^ a sample pnortp Ihe hybrkfizatton to the probes arki the invnobifizatksn on filters sarriples coiild greatly irinpro^ the 
sensith% and specificity of these procedures. 

In a further errtecfirnerrt; the arnpBfied species coukJ be detected by a simple method as foDows: A capture oligo- 
nucleotkte piobe that has a hiideic acid sequence which is cofr^erhentary to bo^ E and F or B and P or to each one 
^ erf them separ^ely couU be used to c^ture the ampt^d labeled pr^^ 

In anotf^er embodiment the deaxyribonudeotkle triphosphates involved in the process couki be radioectivety la- 
t>eled, such as with and others non-radioactive labeling. 



joined, 

nucleotide 

product 

[4] 



joined, 

nucleotide 

product 
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Another means to lacililato the clinieal use ot DNA probes tor the diagnosis ol Inlectioiis diseases islhesubstitiitKJn 
or non-radioactive labels lor «fioacfive o.«s. As described In EP 6^879 to Ward. bio«irvcor.tain.n9 DNA Pn*es ar 
by chromogenic enzyn»s *,ked to avidin or blotirvspecific antibodies. "^^^J**^'^^^ 

s tebri the^ that filled the gap could provide the convenience and sensitivity required to prepare useful diagnostK: 
wTand to overcoow the difficulties associated with both Falkow and Vterd procedures when these technK,ues are 

aoDtled *« a routine cfinical soling. . ^ « 

^e use 0t the FaHcov^ and Vterd methods, the synthesis of oligonucleolKies. the calcutelion of the number of 
seouences amplified per c/cte. and other matters that pertain generally to amplificalion of nucleic add sequences are 
10 d^l>ed in the 195 and ^202 appTicalions and these applications are incorpofated herem by reference 

^he invention wiD now be Bhistfated by examples. The examples are not ^tended to Dmrtthe scope ofttie pre^nt 
invention In conjunction with the general and detailed description above, the examples provide further understanding 
of the present invention and oudnes some aspects of the preferred embodiments of the invention. 

15 EXAt^PLE 1 

The desired sequence to be amplified using the gap^llingfligating embodiment of joining the oligonucieotides is 
a 48 base pair sconce that coded tor HIV at GAG region 2106-2153. This sequence is chosen for its G<: content 
which Is about 52% and has the following sequence: 
so 5 1 .TCCTACAXGGGAXGGCCAGGG AATTTTCTTCAGAGCAGACCAGAGCC- 3 ' 

3 » -GG ATGTTCCCTTCCGGTCCCrTAAAAG AAGTCTCGTCTCGTCTC^ 5 ' 
The following four oligodeoocyribonucleotides are examples of the many Wunted-ended sequences that can be used 
lor ampSfication according to the rnelhod of the irwention. 
^ A - 5'-TCCTACAAGGGAAGGCCAGGG-3' 

A • - 3 • -GGATGTTCCCTTCCGGTCCCT-5 * 
B - 5»-TCTTCAGAGCAGACCAGAGCC-3* 
B » - 3 • -G AAGTCTCGTCTGGTCrCGGT- 5 * 
The blunt ends are created after incorporation of Z^deoxyadenosine S'-CHI -*h^**P^*«^ ^ 
end ? eaTsequence. A gap of 5 base pair exists between the oligonucleotides A and B or A' and when these 
slrandsarehybridizedtotheircornplementaiyslrandofthetargetseqoe^ ^ 
^^lariy. the following four oligodeoxyrtbonucleolldes are suitable stidcy^ended sequences that may be utilized in 
the process of the invention. 

E - 5'-TCCrACAAGGGAAGGCCAGGGA-3' 22 bases 
3--GGATGTTCCCTTCCGGTCCCTTA-5' 22 bases 

F - 5«-TCrTCAGAGCAGACCAGAGCC-3' 21 bases 
3»^GAAGTCTCGTCTG6TCTCGGT-5' 21 bases 
All Of oligodeaxrftKDnucleotides described above are synthesized and purged by the following procedure. 

I. Automated Synthesis Procedures, 

The 2<n«noethvl phosphoramicfiles are purchased from Applied Biosystemslnc. The procedure indudes conden- 
«»io« H nudoosid/tiosDhorari^ftes toa nucleoside-derivatized controBed Pore glass bead support (SOOA) 30mg, 

« SJ^wXSnthesize^^ 

add m didilorofDethane: condensation using tetrazd as an activating proton donor; capping with acetic an- 
SSS^cSrSyS^^ oxidation of the phosphite to the phosphate with 0.1 fAi^M^Oi^^^^ 
d^t^. following detritylation using 2% tridiloroacetic add in didiloromethane. Cyctetene e approxunately 30 mm- 
m^/^kte step are essentially quantitative and are determined by collection and spectroscopic «xam«al«n 

^ of the dimethcocytrityl alcohol released during detritylation. 

II. Oltgodeaxyiibonucleoltde Deprotection And Purification Procedures 

The sold support is removed from the column and exposed to 1 nA concentrated ammonium hydroxide at 60^C 
« for 16 hours in a dosed tube. Ammonia is removed and the residue is applied to a preparative 12% poVaciyiamide 
gel using a Trfe-boiate buffer (pH 8) containing 7fA urea. Electrophoresis is carried out at 20 vons/«nf or 5 haure after 
^idi me band contain'^ig the product is identified by UV shadowing of a fluorescent plaie. The band is exdsed and 
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eluted wfth 1 ml double distilled waler wemight at room temperature. This solution is filtered and the supernatant is 
extracted (3 X 300 microlit r) with n-butanoL Th water phase is placed on a Sephadex GSOcohimn (Pharmacia) (1x 
10cm). The elirtion is monitored by UV 8b5ort>ance at 260 nm and the approprtal fraction collected, quantitated by 
UV absort>ance in a fixed volwne and evaporated t dryness at room temperatur in a vacuum centrifuge. 

5 I 

III. 5'- Phosphorylation of A\a and F sequences 

In order to phosphorytate y-ends of A\B. F and R a new-phosphorylatfing reagent as deserted by T Horn et al., 
Tetrahedron tetters 27, 4705-06 (1 986) is used. Only the ends of the nucleotides that are to be joffied together wHI be 
10 phos^rfiorylated. 

The synthesis of A'.B, P and F is described as in I. Autonrtated Synthesis Procedure, but after the last cycle, the 
phosphorylating reagent 

O 
II 

DMT-0-CH2CH2-S-CH2CH2-0-P-N{ iPr ) ^ (O-CH^CHjCK) 
O 

(Glen Corp. Inc.) (DMT is dfrnelhoxytrftyl groi^; iPr is isopropyl) is condensed to each of the sequences A*3, P and 
F using tetrazol as an activating proton donor, followed by capping vtrith ace&: ar>hydrxle ar»d dimethylanwKjpyridine; 
^ c«idatk>n of the pbosphHe to the phosphate with 0,1 Ml2^ 

trichloroacetic acid fci dichloromelhane. Cycle tinrie is approximate^ 

The 5*-phosphofylated A\B,P »wJ F are purified and quantitated by the procedure descrft>ed in It above. 

EXAMPLE 2 

25 — — — 

This experiment Bfewtrales the arnpTrficatioricI the 48 base pair sequence of ExaiTV>lo 1 ^ 
ended ofigomideotk^e complement pairs, where a gap of 5 bases (A,T) exists between the pairs. In the first step the 
potynterase wBI ^»cofporaledATP|etS) in order to protect me complement pairs from the S'-eiXonudease activity of DNA 
polymerase I and to form bfcirrt-erKis. 
^ Amplification of the 48 base pairs starts from step 2. 

Stepi: 

50 miciofiters corrtakwtg ImM MgCI^, 20mM 2-mercaploeihanol, 100 mg of bovvte senim atoumin per rr^. 0,1 mM 
^ ATP. and O.ImM of dATPfaSD (Siyna) are added to a 60 microiRer buffer solution containing SOmM Tris-HCt, pH 7.5. 

Vo this'sotutkxi are addedS mScroBlers of solution containing 100 picomoles each of Aand & and phoqphorytated 
A'arKjBand0.1 (te)rnole ol the 48 base pairs to be arnpBRed. The resulting solution is heated to lOO^C tor 2 minutes, 
whfchallowsseparationaftheslrandsandhybridlzationof the A, A\ B, and B* to the target Then, 4 units d Wenow 
fragment of E. coR DNA polymerase-l are added and the reaction is incubated for 10 minutes at room temperature. 
^ The two pairs are now Wunt-ended and protected against exonudease activity of polymerase. 

Step 2: 

In order to produce and ampBty the joined, oligonucleotide procfaicts, the tonowing sirt>-eteps are employed. 

45 

a. Add 1 nanoiTKJie eactt of dATP and TTP and 100 picomoles of each of a-»P-dATP and et-«P-TTP (SpecBte 
activity 1000 cprrVpicomole). 

b. Healfor 2 minutes to 100»C. 

c. Cod to room temperature for 2 minutes. 

^ d. Add a mixture of 4 units of Klenow fragment of E, toH DNA pdymerase-l wxJ 2 units of T4-DNA ligase. 

e. Incubate for 10 minutes at room temperature. 

Sut>^ep (a) k\ the cyde can be omitted if a sufficient artKHint d nucleotide trq^iosphates are present initially. The 
cycle is repeated 22 trnes. 2 micrdrter aliquots from cydes 2, 4, 7. 10, 13, 16, 19, and 22 are applied to a 12% 
^ Polyacfylamide gel. 7M urea uskig 0.089M Tris-borate buffer, pH S.a Electrophoresis s carried out at 20 voltsfcm for 
5 hours. The get is exposed to sensfti/e film (Kodak) for 5 hours. 

The resuldng reacUon mbcture is loaded on a Sephadex G40/50 column (IXIOcm) (Pharmacia) and eluted with 
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double distilled water. Two distinct peaks are separated ar>d monitored by a Geiger count r. The first pealc, appearing 
after elution of 5-7 rrA of water, consists of the amplified 48 base pairs, and the secorxi peak* appearing after etiition 
of 1 4-1 B ml or water, consists bl a-^zp-dATP ar>d a-^-TTP. 

In this exampi . steps 1 and 2 are employed separately. Howev r» the two steps can be combined into one st p. 
s so that the cydkig coukJ start immediately by using a mixture of dATPfoS] that could be added in Step 2, sut>rstep (a) 
of the cycle, or, alternatively, the protected blunt-ended pairs couki be prepared separately, purified, quantitated, and 
used as desired. 

EXAMPLES 

to 

This example fliustrates a non-radwactive labeling during the anr^ffication protocol of this kwentton. A 100 rriicio- 
liters solutbn containing ImM MgCI^ 20mM 2-mercaptoetharK>l» lOOmg of bovsne senm atbumtri per mland 50mM 
Trfe-HCI(pH 7.5) is prepared. 5 micfoliler of a solution containing one nanomole of each of A, A\ B, arxJ B' where B 
arKi A*are pHosphorylated at their 5*-erKis, and 10 picomole of 48 base pair as prepared in Example 1 were added. 1 

IS nanomole of each of dATP and BM 1 -dUTP (Enzo Biochenn) arkJ 1 00 picomoles of dATP (aS) are also added. The 
number 11 designated a linker ann of n alc^ 

The resutthg sotutksn is subjected to cycles as described alx^ve e.g^ the mixture is heated to lOO'C for 3 minutes 
and allowed to cod to ro6m ternpeiatore for 2 minutes, whereupon 4 units of ICIenow4raqment of E. coli DMA polymer- 
ase^l and 2 linits of T4^DNA tigeise are added. The reaction mixture is incubated for 5 rhinutes.at room temperature. 

20 The cycle is repeated 20 tLrnes as de^^ 

The reactkan rmxture is t>en cfiluted with 1CX) rnicrbifter of 2M anrvnonium acetate buffer. |>H 7.5. The hiixture Is 
seriatly diluted 4-told ushg 1 M amrnpnium acetate as a dHuent ATiquots (50 rmcroliler) ol the amp&fied DNA solutk>n 
is added to the weRs^ of S&^well Dynatech frmnulon II mk^ker p>lates (Dynatech). the plates are sealiKi arKl ihcutiated 
for 90 rninutes at 37*C to bind the ampSfied DNA to the plates. After the Bicubatran, the weBs are washed at roorn 

5s lerriperature twfc© with 200 rrucroliters afiquots of 0.3M NaCI ar>d 0.03M sotRwn citrate, pH 7.0, and once with 200 
mkmfiter of. the eme buffer containing 0.1% Triton X-100. The wells are trestod for 30 minutes at room temperature 
with aik^uots (200 mferolter) of a solutk>n containing 10 mM sodium phosphate (pH 7.4). 0.5 M NaCI. 2% BSA. 0;1% 
Trfloh X-100 and SrhM EDTA (btockbig sohitk>hV 

After rerrKAfir^g of the blodong spkition from the wells. aTiquots (50 mk:rDtitejr) ctf a solutkxi contalnirtg horseradish 

so peroKkiase^abeiied avldn (Vector Labs) is added to each welL The perooddase-iabeaed avicfin is dBtrted in PBS. 0.1% 
Triloh X-1 00 according to themanufaclurer*s Instructions. 

The pfates are inctibated for 30 minutes at room tertiperaturei then washed (4 x.20p mfcrbliter) with a solutksn of 
lOmM sbdiurh phosphal6-(pH 7.4). 0:5 M.socfium chk>ride 0.1% Triton X-100 and 5niM EDTA and then.(1 x 200 mi- 
cf<rffter)wnh PBS containing IrrAH EDTA, 

5S The DNA-biotviyiated prbt>e-i^lled avkfin complexes are detected by, adcfing to each weB 150 rrucroliter of a 

siibstrate roactkxi m*D(lure containing 1.6 m^l 6-phehylenecfcmrwie (Sigma) and 0.0125% hydrogen percsmde in 0.1 
M sodium phosphate buffer adfusted to pH 6.0'by 0.05^ citric ackl softAkxt. The plates are incubated tor 30 minutes 
at room terT>perature in the dark and then the reactipri is slopped by the addftkm 4N suBuric acW (50 micirolfter). 
the coritents of the r^es were read In an Intermed Immuno Reader NJ^eooo spectrophotometric>late read^ at 

40 wavelength 490 nm. The resullsi are shown in Table 1: 



Table 1 
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Absorbance (0,D. 490) 


[Anrpnfied DNA] 




ControK*) 




1 nm^e 
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ever 




0.025 




0,250 nmole 
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0.016 




0.125 nmole 




over 




0.012 


<a) Control m 


»an5 1O0 pkomcH9» of Bi»-AJTF « 




id on ttto welb using ai 







EXAMPLE 4 

This example illustrates arnplification using sticky-ended o8gonucloo«ido complement pairs (E, E\ F arxl P as 
descn'bed). The desired sequence to be amplified is the same 4S base pair sequence as prepared Example 1^ In 
this experiineht the incofporation or dATPjoSJthe gap^ 

ImM MgCt^. 20mM 2-rr>ercaptoethanol, 1 0Omg of bovtr^ serum albumin per ml, 1 .0 micromolar each of dATPIaS], 
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TTPloS). dATP and cfTTP. and 100 picomoles of each of a-^^P-dATP and €«32p-TTP (Specific aclivfty 1000 cpm/|pico- 
mole) are added to a 100 microliter butler solution containing 50 mM Tris-HCI. pH 7.5. 

To this solution are added a 5.0 microliter solution containing 100 picomoles of eat^ of E and P arKJ each of 
pTiosphorylated F and F and 0. 1 ptcomole of 48 base pairs to be amplified. Th resutting solution is heatedto 1 0CC 
5 for 3 minutes and allowed to cocrf to room temperature tor 2 minutes, which allows the separation of the strands arwJ 
hybridization ol the set of two pairs to the target Then 4 units of Klenow fragment of E, c^ DNA polymerase-l and 2 
units of T4-OMA Hgase are added ar>d the reaction bicubated tor 10 minutes at room temperature. 

In order to cycle the process, the followir>9 steps are employed: 

10 1. Heat for 3 minutes to 100*C, 

2. Cool to room temperature for 2 minutes. 

3. Add a mixture of 4 units of Klenow fragment of E, ^1 DNA polymerase-l and 2 units of T4-WA ligaso. 

4. Incubate for 10 minutes at room temperature. The cyde is repeated 22 times. 

IS The resulting reaction mbclure is loaded on a Sephadex G40^ column (IXlOcm) (Pharmacia) and etuted wHh double 
distilled water. Two distinct peaks are separated and monitored by a Geiger counter. The first peak appearing after 
elution of 6-7 ml ol water, consists of the amplSied 48 base pairs and the second peak appearing, after elutton of 14-1 8 
ml of walen consists of o-32p-dATP and a -32p-TTP. 

20 EXAMPUE 12 

This e»mple IBustrates the coupling of T4-DN A Kgase and Polymerase-l to polymeric supports. 

1. Synthesis of the linker arm*. 

1 o>fcfr-iwT>elho»rtritvf^exaethvlene olvcoL Hexaethytene glycol (Akbich). (28.23 a 100 mnnole) Is dissolved in 
dry pyrfcftne (200 ml) and a solutfon of ctenethoocytrityl chrokie (16.95 g, 50 mmde) in dry pyrkJirw (100 ml) Is added 
dropwise under argon. The mbcture is stirred at room tenr^iature for 4 hours and the solvent Is removed under reduced 
pressure (2 mm Hg). The oily yeBow reskhie is extracted with ethyl acetate (300 nrt) and washed wih water {200 mf) 

so and brine {2x200 mO- The organic layer is dried ever anhydrous sodium sulfate ana filtered. The solvent Is removed 
and the residue is redissolved si dfchtoromethahe (30 mO whfch contain some pyrid^w (0.5 ml). This mixture Is further 
purified by ccrfumn chromatography on silica gel (5.5x45 cm) and elutod with a mixture of dk:hloronr>ethahe-methanol- 
pyridine (95:4:1 : vdUvoS^ The product (23.3 g. yellow OB) has a RF=:0.42 in the ^we solvents. The yield is (80%). 
NMR = 7.46-7.20 (m. 9H. aromatic Hs). 6.80 (d, J=9.0 Hz. 4H aromalfc Hs), a77 (s, 6H. methoxy Hs), 3.66, 3.63 (2 

ss s» 22H. CH^Hg) 3.56 (t. J=5 Hz, sH. CH^-OH). 3.21 (t, J=6.0 Hz. 2H. CHg-DI^, ^49 (wkie s. IH, OH). Mass 
spectrum: m/e 584 (molecular ion), 553. 507, 477, 303 (DMT group). 

2. cy-OMT-hexaethvleneolvcol OMethvl N.N-cfiisooroDVI phosp horamicma 

40 C-OMT-hexaethyleneglycol (1) (5.84 g. 10 rnnnole) Is cfissohred in dry cfichknome^iane (30 ml) under argon. Dry 

N.N-dMsopropylethyi arrtne (5.16 g. 40 mnrwie) fe added folkywad by dropwise adcfitksn of >l>l<fi-isopropyl O-rrwthyl 
chk>ropho^>horarrudite (Applied Biosystems) (1.97 g. 10 nvnole). The so^itton is stirred at room tenriperature for 30 
minutes, diluted with etiyi acetate (3C)0 ml), washed with a saturated sotutkxio* socfiumbicarbonato(100ml)and vnth 
brine (1(X) ml). The organk: layer is dried over anhydrous sodium sulfate and the solvent is renioved urxter reduced 

45 pressure (15 mm Hg). Further drying is achieved by coovaporalwn with toluene (2x100 mO and by lyophylizatkm in 
dry benzerie. 

The product (7.21 g, yeltow oil) has BF-0.63 m cftchk>rom6thane^thanol (95:5). The yieU is (95%). NMR = 
7 47-7.23 (m, 9H, aiomalfc Hs), 6.83 (d. J=9.0 Hz. 4H aromatks Hs), a77 (s, 6H. methoocy). a77^59 (wkte s. 22H, 
OCHaCHa-O), 3.55 (d, J-12 Hz. 3H. CH3O-P). 3.21 a J=6.0 Hz. 2H. CH^O-Dlk^. 1.62 (dl 2H, CH3-CH). 1.24 (d. 
so J=7Hz, 12H). 

Mass speetnim 744 (molecular kxi). 

II. Attachment of the Bnker-arm to controlled pore glass . 

ss Long chain alky! armne-controlled pore glass (CPG). (Pierce), (500 A). (1 g), is placed \n a sinter glass (medium) 

(50 ml), and washed with dry a»tonitrile (3x10 ml) under argon. 16 the dried gel. a solution of 1 H-Tetrazole (AkJrich). 
(0.5 g) in dry acetonilrite (12 ml), is added, followed by addition of a solut*x>n ol C-OMT-hexaethylenegtycol OMethyl 
N.N-diisopropyl phosphoramkfrte (2 g) dry acetonitrile (13 ml), under argon. The reaction mbcture is agitated for 10 
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mtnules f<^owed by washings wtth tetrahydrof uran (3x25 ml). To the resultk^g gel, a capping solutkDn containing acetic 
anhydridonetiahydrofuran (1:1 volA^) (10 ml), and a solution o( N,N-dimethylamino pyrkfin (0.5 g) in tetrahydrof uran 
(1 0 ml) are added, and the mbrture is shaken tor 6 minutes, followed by washings with teirahydroturan (3x20 ml); To 
the resutting sofcrtion an oKidalion solution containing t (0.1 Molar) in tetrahydrofuran : water : 2,6-lutidin8 (1:0.4:1), 

s (10 ml) is added, and the mixture is shaken for 5 minutes, foltowed by washings acetonitrile (3x20 ml). The meas- 
urement of the toading of the linker-arm on the controtted pore glass is done by addmg a solution (1 ml) c* para- 
IduenesuBonfc acid H acetonftrile (0.1 Molar), to a 10 milligram of the derivativo support, followed by measuring the 
absorbance at 498 nm. The kiading is 105 micromoles of the linker-arm per 1 gram c* the support. The cfoiethaxytrilyt 
group is removed from the si^pport. by a solution of trichtoroacetk: add in dichlororr»ethane (3%), A new rmker-arm 

10 couW be condensed to the previous unprotected tinker-arm in order to obtain a longer Iviker-arm. as desired. 

til. Activation of the CPG-linker-arm with tresyl chlorkle . 

The dried support-linker-arm (1 g), is placed in a sinter glass as above, and washed with dry acetone (3x50ml). 
15 f oIkTwed by addftion of dry acetone (5 ml) md 260 mrcrofiters of dry pyridine. Tresyl chk>ride. (Ruka). (1 80 mfcroliters) 
is added to the suspenskxi dropwise for 1 mfriute, under shaking. After reaclton lor 15 minutes at 0*0. the gel is washed 
twk^e with (20 ml) of the toltowing, 30:70, 50:50, ar>d 70:30 of 5 mM HCUacetono (voIAwrf) and finally vwth water. 50: 
50 wErtenacetone and acetone. (20 ml each) dried, and stored in defecator unta rec^ired. 

20 IV. CouoiinQ of T4-DNA iM f*^ trasyfaf od CPG-linker-arm. 

40 units of T4-DNA ligase (BRL). are cSssotved in 0.1 M NaH^04» pH 7S, contak^ing 1 mM EDTA. 50 mteronnblar 
ATP. 10% glycerol to a final volume of 200 microliters and kept at 40^0. 100 mll»gran» of dry tresylaled CPG-toitker- 
arm is transferred to the enzyme solutton. The resulting gel stuny is mixed "end over erxT at 4C for 1 6 hours. Resklual 
ss reactive tresyl groups on the Bnker-aim are removed by adding 0.1 M cfilhtetreftol. (2 hours. 4»C). After coupling^ the 
gel is washed free of uncoupled enzyme by washing four times in 0.1 M NaH2P04- PH 7.5. 1 mM EOTA. 10 mM 
dthothreilol (DTT). 0.5 M NaCI folkywad by two washes m 0.1 M NaAc, pH 5.0. Rnallyt the gel is equfltorated in 66 
mM Tiis-HCI. pH 7.6. 6.6 mM MgClg. 10 mM DTT. 10% glycerol and stored at 4*C. 

30 V CoupBnq of Klenow fraament of E. coB DNA Pohffnerase-I to tresvlated CPG-finker-arm. 

40 units of lOenow f ra^nerW of E, otH DMA Polyrnerase-I (Bethesda Research Labs.) are dissolved in 200 micro- 
liters of buffer consisting of 1 .5 mM ATP: 30 mM Tris acetate buff er at pH 7.9; 60 mMsodium acetate; 10 mM magnesium 
acetate: and added to a VophHized mixture of 80 mk^rogram Poly (dA)-20 mfcrogram 0B90 (dT). To this mixture Is added 

ss 100 milligrams of dry tresylated CPG-fink©r-arm. The resutting gel slurry is mbced 'erKl^over-erxr at 4*C for 10 hours. 
Reskfual reactive tresyl ^oups on the Iktker-arm are removed by adding 0.1 mM dithkythrettol (DTT). (2 hours. 4C). 
After coupfing. the gel is washed free of uncoi^ted enzyme by washing (-tocO.5 ml) in a buBor consisting o* 60 mM 
socfium achate. 30 mm Tris acetate. 10 mM magnesium acetate at pH 8.0 and 0.25 mM dithkstreitoL 
Rnatly. the gel is equiltorated in 66 mM Tris-HCI pH 7.6; 6.6 mM magnesktm chtorkle; 10 mM DTT. 10% rt^cerol and 

40 stored at A*0, 

The foBowing examples IBustrate the use ol these imnr>obaized enzymes in Ihe method ol the app&catkxu 
EXAh^l-E13 

45 stftp 1- The synthesis of the Chlamvdia seouer^ee . 

The desired sequence to be ampWied using the gap^ilOngrtigaling system of joining the oHgonudeoMdes is a 88 
base pair that coded for Chlamvdte trachomatis cryplk: plasnrwd This partfcular sequerx^ is a four times repeat se- 
quonco of gg ba?^ pa?^, ^ nM«nad by the senuencbio of the 6.5 kBobase piasmid derived from Chlarhvdta 
so trachomatis (serotype L) inserted k»to the unk^ue Barn HI/ SStl sites of the PUC18 plasmkl The 63 Kb are sequerK»d 
using the cfideoxy chain terminatkDn method of Sanger et al. RN.A.S. 83. 1 911 (1886). 

The 22 repeated base pair has the foOowing sequence: 

5 • - ( GTCTACCACCAAGAGTTGCAAX) x4-3 ■ 
» 3 * - ( CAG ATGGTGGTTCTCAACGTTT ) x 4 ^ 5 ' 

The constructkxi of the two pairs is as follows: 
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y « 5 • -AGTCTACCACCAAGAGTTGC-3 • 

Z « 3'- CAGATGGTGGTTCTCAACGT-5* 

^ Y represents in this case oligonucleoSdes A and B in the oligonucteoticto complement pairs. 

Z represents in this case oligonucleoticies A' and B* b the oligonuclootide complement pairs. When hybridized to 
the target sequence. Y and Zforma gap c4 two complementary Ijase pairs. A-T. 

The two oligodecocyribonucteotides descrt>ed at>ove are synthesized arxl purified the folk>win9 procedure. 

10 

I. Automated Synthesis Procedures, (according to Matteucci et al.» J. Am. Chem. oc.. 103, 31-5. (1981). 

The 2-cyarK>ethyl phosphoramidrtes are purchased from Applied Biosyrstems Inc. The procedure includes conden- 
sation of nudeoeide phosphoramidites to a nucleoside-derivatized controlled pore glass be^ support. (5CX>A) 30 mg. 
ustr>g fvlDA synthesizer from Applied Btosystmns Inc.. Type 380B-02. Tbe cycles bicludes detritytation with 2% trichlo- 
roacetic acid in dSchloromethane: condertsation using tetrazoie as an activating proton dorK>r: cappir^g with acetic an- 
hydride and dHTiethytarmopyridine; oxidation of the phosph^e to the phosphate with 0.1 M l2/H20A4itidine/Tetrahy- 
drofuam, foUowir>g detritytation using 2% trichloroacetic acid in dtchbromethane. Cycle time is ^>proxanately 30 mirH 
utes. Yields at each step are essentially quantitative and are determined tiy collection and spectropscopic examination 
^ of the cRrnethoKytrityl alcohol released during detrttylation. 

II. OTigodeGQcyrftionucleotide Deprotection ar>d Pmfication Procedures. 

The sofid support is removed from the colimi and exposed to 1 ml concentrated anrvnohium hydroodde at 60^ O 
^ for 16 hours in a dosed tube. Ammonia is renrwved and the residue is appfied to a preparative 12% polyacrylamide 
gel using a Tris-borate bufler (pH 6) containing 7M urea. Electrophoresis carried out at 20 vofts/cmfor 5 hours after 
which the band containing the product is fdentrfied UV shadowing of a fluorescer^ plate. The band is excised arKJ 
eluted wUh 1 ml dout>le distiAed water overnight at room terr^>erature. Thb solution is filtered and the supernatant is 
extracted (3x300 microtiterX wSh r>-butarK>L The water phase is placed on a Sephadex 6-50 column (Pharmacia) (1x10 
^ cm). The etutions are monitored tyy UV aK>5ort>ance at 260 nrn and the appropriate traction collected, quantftated by 
UV absort>ance in a fixed volume ar>d evaporated to dryr>ess at room temperature in a vacuum centrifuge. II). 5*- 
Phosphoryl^ion of A B, A' and B*. 

The oligodeoocyribonucleotides Y arxl Z (5 nartomotes each) are lyophiiized separately to dryr>ess and redissolved 
in (50 rnicrofiter) of 50 nM HEPES (Aldrich) pH 7.6. 10 nM, MgC^ 10 mM dmiiotreitol and l^yATP (10nM>. 
^ Specific acti*my = 2.5 X 103 cpm/pmole. 

Each tube is incubated with two units of T4-polynucdeotidD Kinase for 40 minutes at 37°C for five rmutes to im^B 
the enzyme, ar>d are loaded on Sephadex coi u rnrvs G50 and eluted with water. The elutiofw are nrxihite^ 
counter (Bedcnrtan) and lyophSized to dryness. 

^ EXAMPLE 14 

I. Purification Of Chlamydial DNA 

Ch lamydfe trachomatis LG V2 strain is grown iti McCoy cells far) the presence of 1 rriicrogramcyciohexirnk^ 
^ about 1 .0 IFU (trtctusion-forming unit) per cell The cells are grown for 3 days at which time 60-90% of them showed 
visK>le inclusions and are harvested and stored at -70*C unta tested. Control microbial strains are obtained from routine 
Isolatiorts (Department of ^Aerobiology, BerbGurion University) arxi identified by standard procedures (Lerviette etal. 
Manual o( Clinical Microbiology, 3rd ecmiort, Washington (1980)). The strains Include teofalesof E. coH and Strepto- 
cfffTW agalactiae. 

^ The nmcrobial strains are grown on plates or in liquid mecfium For the test a suspension of each of themicrobes 

is boiled at an aficaline pH (0.3 M NaOH). chiRed on ice and neutrafized with HCI. 

The Chiamydial cell culture harvests of 100 ml are cfisnqpted with a glass-Teflon homogenizerarxi centr^uged at 
1.400 X g for 5 minutes to remove cell debris. The supernatant is layered oiito 30% (vol/VoO Renografm -76 (E.R 
Squit*, Princeton U.S. A) diluted with 20 mM Tris-150 mM HCI (THCI) (pH 7.5); Renografin -76; (a solution of diatrizoete 

^ r7>e^umine and cSatrizoats soc^um k\ citrate bufler). Alter centrHu^ion at 50,000 x g f or 45minutes, the pellets are 
resuspended 1.0 ml of T1-ICI. layered onto 30 to 60% (vo1Ak>I)» Renografin -76 gracfients in THCI. and centrif tiged at 
50.000 X g for 2 hr. Two dtf use bands are visible in the mkkMo region of the gradierit; these f ractiorts are collected. 
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diruted with THCI and centrifuged at 50.000 x g lor 45 min. The pellets are resuspended \n 0.5 m) of THCI. II. DNA 
Extraction 

The fotlowing procedure is based on the method descrftted by (Wenman et aL. Nature 296 :68-70 (1 982)). 

The Chlamycfial suspension is homogenized bet reth addition of 50 mM Trts contairung 20 mM Nla^ EDTA 20% 
5 (wtAfoO sucrose. D.7% (wtA^) N-lauroylsarcosine; and 200 microgram of proteinase K. This mixture is incubated at 
55*C for 1 5 mia and then at 37*^0 for 45 min. An equal volume of pherK>tchloroform is added and the mixture is vortexed 
and centrifuged at 2»000 x g for 10 mia Nucieic acids are precipitated from the aqueous phase by addition of a 1/20 
volume of 5M Had and 2 votwT>es of ethanol. After two further cycles of centrifugation and prectprtation. the DNA is 
measured spectrophotometiicany. precfMtaled orK:e more, and redissofved in 10 mM Tris with 1 nrtM EDTA (pH 7.0) at 
10 a concentration of 200 rmcrograrr^t 

DNA is digested in 4 to 10 microgram ariKHints at a cor^centration ot 60 microgranrVnrtl with 4 units of BAM-H1 (B1) 
per microgram of DNA for 2 to 3 hours, urtder the coruJitiorts recommended by the manufacturer: 

EXAMPLE 15 

?5 

This example illustrates the gap filling-figation ampfrfication steps using immobilized enzymes employing the ap- 
paratus as shown in Figure 3, 

A mixture of polymeric beads 1. (10 mg beads) ol CPG-T4-DNA ggase from Exarriple 12. tV and (10 mg beads) 
of CPG-Klenow fragment ofE. coB. DNA Polymerase-1 from Example 1 2. V. are placed in plastic cytiruter 2 (inner volume 
20 0.5 mo. where the edges of cyKrKter 2 contain ptastic covers 3a. 3b. having inlei 4 and outlet 5 that connect to plastic 
tubing 6. 7. The bottom of cylinder 2 is fUled with siliconized glass wool 6, which holds beads 1, 

Inlet 4 arKi outlet 5 are aliased to plastic ti^irtg 6. 7, the tubing has a cfiameter of 0.5 mra Ptastic tutxng 7 is 
attached to stainless steel coil 9. which is nvnersed in hot oil bath 10. containmg sificon o9 at 90^C. Stainless steel 
coitQ isattachedby tube 11 to secor>d stainless coil 12. Coil 12 is Immersed in a water bath 1% held at room teipperature. 
2S GoQs 9 arkd 12 are also 0.5 rrvn In dianrieter. Coil 12 is attached to plastic tut>e 14, havlrf^ . 
14 is connected to peristaltic pump 15 artd thereafter to cell 2 through inlet 4. The pump pushes the solution throu^ 
the system at a rate of two drops per minule. 

Step 1 . Protection of Y and Z Oligonucleotides from the y-S* Exonudease Activfty ol DNA Pofymerase I and to Form 
30 Blurtt Erxte . 

100 piconx>le of each 5*-phosphoryiated Y arKi Z are mixed together and dissolved in 1 miflimeter of 1 mM MgC^ 
20 mM 2-mercaf^oethanol, 100 mg of bovine serwn aft)umin per ml and 50 mM Tris-Hd (pH 7,5). and 0.1 mM of dATP 
(oSJ and TTP[aSJ(Sigma). 

3S The resuming solution is heated to lOO^C for 2 minutes which allows separation of the strarxls arvd hyt>ridization 

of tfie Y btkIZ tothe target Then 5 units of Kleriow fragment of E^coli DNA poiynrterase-l are Kkted and the reaction 
is incubated for 10 minutes at room ternperature. The pairs are now blunt-ended arxi protected age^nst exoruidease 
activity of polymerase. Step 2 . 1 microgram of Bam HI cAgested DNA from Exannple 14.11 above is dissolved In the 
buffer resulted from step 1. To this buffer is added 1 nanomole of dATP and TTP and 100 p moles of each of a-^^ 

40 [dATPJanda-32PrrrPJ.Specir«acthrity lOOOcprh^^^ 

This solution is injected through inlet 4of the apparatus arKi the cycfing is started by operating peristaltic pump 15. 
After 3 hours of cycEng the solution through cell 2 containk^g the immobilized enzymes, the solution is loaded on 
a Sephadex column G-40/50 (1 x 10 cm) ar>d etuted with doubly distaied water. Fractiorts of 1 ml are collected arid 
morritored by a Geiger counter. 

4$ Two distinct bands are detected, the first eluted m a pool of 4-7 ml contairur^ Iat>eledampfi5ed Joined oligonu- 
cleotide products by gap fOling/ligation process. This pool has atxnit 11 5000 cpm whereas the secorxi pool that ebited 
in 14-1 7 ml has 80.000 cpnrt 



so Claims 

1. A process for detecting the preserx^ or abserK^ectf at least one spedTc nucleic act^ 

thereof, by arnplifying the nudeb acid target sequence(s). or portion(s) t>erectf . in a sami^ si^pected ol containing 
the target sequence|s), comprising the steps of: 

ss 

a) treating the sample with at least two oligonudeolides for each strarxl of a target seqiience. urKler hyt>ridizing 
coTKlitions. 
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i) wherein ttte oKgonucleotides are selected so as t be sufficiently comptemwitary to each strand of the 
targ t sequence(s) or portion(s) thereof to hybridize th rewith; and 

n) wherein a gap of one or more bases is present between the oligonucteotides when the oligonucleotides 
are hybridized to the target sequence(s). or portion(s) thereof; and 

ui) wherein the oligonucleottdes are selected so that the gaps between them will require tess than all four 
bases to fill in the gap: 

b) filliryg the gap formed in step (a) with one or more bases complementary to the base or bases in the gap 
and joining the base or bases fiD'Bng the gap to each other and to both adjacent hybridized ofigonucleotides, 
thereby fonntng a joined oligonudecAide product; 

c) treating the hybridized joined oTigonucleotide product of step (b) under denaturing conditions to separate 
the joined oligonucleotide product(6) from the target sequence(s). or portlon(s) thereof, to produce sirvgle- 
strandsd molecules; 

d) treating the singie^randed molecoles produced in siep (c) with at least two ofigonucleotide complement 
pairs, urtder hybridizing concfitions, 

i) wherein each oGgonudeotide complemem pair comprises two dogonucieotides selected so as to be 
sufficiern^ complementary to each other, to each strand of the targm sequence(8), or portion(s) thereof, 
and to the Joined oligonucleotide product(sX or portion(s) thereof, to hybridize therewith; and 

B) wherein a gap of orte or more bases is present between the ofigomx:leotides w4>en the (riigcnudeotides 
are hybridized to the target sequence(s). or portion(s) thereon and 

Bi) wherein the oBgonuctootides are selected so that the gaps between them wiU require less than ait four 
bases to flit in the gap: 

e) fining tn the ^ formed in step (d) with one or more bases complementary to the base or bases in the 
gap en6 jonng the bases fitting the gap to each ether and to tx3lh adjacent hybhcfized oligonucleotides 
or oligonucleotide complement pairs, thereby forming adcfitional joined ofigonudeolide pioduct(s), resutt- 
ffig the amplication of the target sequences(8) or portion(s) thereof; and 

f) detectntgthe joined oSgonucteotide product(s). 
The process of claim 1. further including step 

e*> treating the hybridized digonudeotides of step (e) under denaturing concmione to separate the hybridized 
oligonucleotides and procfejce single-strarxied rrKrfecutes. virherein steps <d). <e> and (e") are r^>eated a desired 
number of times. 

The process of ctaffi» 1 . wfierein the nudeic acid target sequ8nce{s). or portiorv(s} thered. is double-strandedONA 
and its strarxto are separated before or during step (a). 

The process d daim 1. ¥»herein the nudeic add target sequence(s)» or portion<6) thered, is single-stranded DMA 
orRNA 

The process d cteim 1 , wherein the digonudedides are digodeoxyribonudeotides. 

The process d daint 1 . wt>erein the digonudeotide complement pairs are present as a mdar excess in thB remge 
d 10^ to 10^^ pairs per nucleic add target sequence(s>. or portion(s) thereof. 

The process d daim 1. wherein the ©ap is fflied by catalytic agents. 

The process d claim 7, wherein the catalytic agents are a combination comprising a DMA polymerase and a DNA 
ligase. 
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9. The process Of claim 7. wherein the catalylc agents ar inr^mobiUzed on poTymeric supports. 

1 a The process of daim 9. wherein the DNA polymerase is selected trom the group consistmg ctf DN A polynrwr- 
ase-l Ktenow f ragnmnts erf E. coli DNA polymerase-l, T4 DNA polym rase, r verse transcriptase and the ligase 
Is selected trom the group consisting ol E. coD DNA ligase or T4 DNA figase. 

11. The process of claim 9. wherein the polymerase and ligase are heat stable. 

12. The process of daim 1 1 . wherein the heat ©table polymerase and ligase are isolaled from a thennophiRc bacteria. 

13. The process of daim 7. wherein deoxyrft>onocleotide triphosphates are added to the sample mixture in steps (a) 
and (d). 

14. The process of claim 1 3, wherein the digonucleolides and /or deoxyribonucleic triphosphates are modified to be 
resistant to y-> 5' oxonudease activity. 

15. A process for amplitying at least one specific nucleic acid target sequence, or a portion thereol, in a sample corv 
taining a nucleic acid or a mixture of nucleic adds, comprising the steps of: 

a) tiealB^ the sample wfth at least two oBgonudeolides lor each strand of a target sequence^ under hybridizing 
concfibons* 

I) wherein the ofigonudeotktes are selected so as to be sufficientV complenwHary to each strand of the 
target sequence(s). or porlion(s) therec^ to hybridize therewith; and 

U) wherein a gap of one or wote bases is present between the ofigonudectides when the oligonudeotides 
are hybricfizedtothe target sequence(sK or portieres) thereof; arwl 

Bi) wherein the oBgonudeOSdes are selected so that the gaps between them win require less than aU four 
bases to fill the gaps: 

b) fflfng the gap formed in step (a) with one or more bases complen^entary to the base or bases in the gap 
and joining the bases filBng the gap to each other and to both ac^acent hybricfized oHgonudeolides, thereby 
lorming a joined oBgnudeo4ide products; 

c) treating the hybridized oftgonucleolides of step (b) under denaturing conditions to separate the joined oTh 
gonudeotide pioduct(s) from the target sequence(s) or portion(s) thereof, to produce sir»g!e-sUanded nnole- 
ctiles; 

d) treating the single-stranded molecules produced in step (c) with at least two oligonucleotide complement 
pairs, 

i) wherein each oligonucleotide corr4>lomen(l pair comprises two oligonucleotides selected so as to be 
stridently complementaiy to each other, to each strand of the target sequence(s), or portion(s) thereof, 
and to the joined digonudeolide product(s) or portion(s) thereof, to hybridote therewith; and 

fi) wtierein a gap of one or more bases is present between the oligonucleotides when the oligonudeotidos 
are hybricfized to the target sequence(s), or portion(s) there©*; and 

Bi) wherein the OTigonudeotidftS are selected so that ttie gaps between them wiB require less than an four 
bases to fiD in the gap; 

ejfiBing the gap formed n step (d) with one or more bases complementary to the base or bases in the 
gap and joir*>g the base fillBig the gap to each other and to both adjacent hybridaed oligonucleotides or 
oltgonud^Aide complemenl pairs, thereby forming additional joined dtgonudeottde product(s), resu^g 
\n the anH>Bfication of the target sequence(s), or portion(s) thereof. 

IS. The process of daim 15 further nxxhiding step 
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( *) treaeting the hybricfized oligonucleotides of step (e) under denaturing conditions to separat the hybridized 
oligonucleotides and produce single-stranded rrtolecules. wherein steps <d)» <e) ar>d (e*) are repeated a desired 
number of times. 

5 17. The process of dani 1 5 wherein the nucleic acid target sequence(s), or portion(s) thereof, is double-stranded DNA 
ar>d its strands are separated before or durrig step (a). 

18. The process of darn 15 wherein the nucleic acid target sequence(s). or portionfs) thereof* is singte-stranded DNA 
orRNA. 

10 

19. The process of ciaim 15 wherein the oligonucleotides are ofigodeoKyrftxxnideolides. 

20. The process of daim 1 5 wherein the oU^xiucleotide complement pairs are present as a molar excess in the range 
of 1 0^ to 10^^ pairs per nucleic acid target sequence(s), or portion(s) thereof. 

IS 

21. The process of claim 15 wherein the gap is filled by catalytic agents. 

22. The process of claim 21 wherein the catalytic agents are a combination comprising a DNA polymerase arid a DNA 




23. The process of ciaim 21 wherein the catalytic agents are tmmobaized on polymeric suppotts, 

24. The process of dstkn 22 wherm the DNA polymerase is selected from the ^ot^ ccf»fetir>o of E. coll DNA polymer- 
ase-!. KlerKJW fragments of E. coll DNA polymerase-l. T4 DfMA polymerase, reverse transcriptase and the Itgase 

25 ts selected from ttiegroup consisting of Dr4Aligase or T4 DNA figase. 

25. The process of daim 22 wherein the polymerase and ligase are heat stable. 

26. The process of daim 25 wher^ the heat stable potyrnerase and Bgase are Isolated frm 

30 

27. The process of darm 22 wherein deoD(yrftx)nucleGCide tr^>ho6phates are added to the sample mixture in steps (a) 
arKi(d). 

28* The process of daim 27 wherein the oligonucleotides and^ deopcyribonuclM triphosphates are modified to be 
3S resistant to 3^— >5* exonudease adivity. 

29. A kit for detecting the presence or at>sence of at least one specific nucleic acid target sequence, or portion(s) 
thereof, in a sample suspectedol oontatnir>g the target seQuer)ce<s). according to the process of daim 1 corr^ming: 

40 at least ons container containing at least two digonudeotide complement paks. wherein an oligbmideotide 

complenDent p^ comprises two oligonucleotides selected so as to ft>e suffiderrtly complementary to each other 
arxi to each strand of the target eequer)ce(s), or portieres) thereof* 1o hybridize therewith; 
a mearts for rrnxing the smpte with the otigonudeotide complement pairs Under hyk>ridizing corKiiticns; 
a means for joning an oOgonudecAide from a first oligonucteotide complement pair to an oligonudeotide from 

4S a second oligortudeotide complement pair, v^ran both digonudeotides are hybricfized to the same strand of 

a nucleic acid, to form a joined oTigonudeotide product atfter the 8arr^>le arxl ofigomideotide complement pairs 
are mixed, wherein the means for joining the digonudeotide from the first oOgoruideGtide complemem pair to 
the oUgonudeotlde from the second complement pair comprise a DNA polymerase, a DNA Bgase. and deooc- 
yraxnudeotida triphosphates; 

so and a means for detectir>g the JdnedofigomicleoUde products. 

30. The kit of d£Bm 29 further co mp r is ing a container contasntng a positive corvlrol tor the oTigooudeotide connplement 
pairs whk:h contains Ihe spedlic nuciek: add target squence(8). or portion(s) tftereol; and 

ss a container corrtaining a negative corrtrd for the oRgonucteotkJe corr^lement pairs whk:h does not contairi the 

spedfk: nudete ackl target sequence(s) or portX3n(s) thereof. 

31. The kit d daim 29 wher in the oftgonudeotides are oligodeoKyrft>onudec4ides. 
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32- The kit or clabn 29 where'ffi th DNA polymerase is selected trom the group consisting of E. ^ DNA polymerase- 
J, Kt ncxw fra^nants d E. ^ DNA potymerase-K T4 DMA polymerase, rev rse transcriptase and the li^e is 
selected from the group consisting of E.^ DNA Itgase or T4 DNA ligase. 

33. The kit of claam 29 wherein the DNA polymerase and DNA Rgase are heal stable. 

34. The kit of claim 29 wherein the DNA polymerase and DNA ligase are immobilized on polymeric supports. 

35. The kit of claim 29 wherein the deoKyrft>onucfeotide triphosphates are labelted. 

36. The kit of claim 29 wherein the means to detect the joined t^gonucieotido product delects the labelled deoxyn*bo- 
nudeottde triphosphates. 



Patentansprijch© 

1 . Verfahren zum Nachwetsen der Gegenwart Oder Abwesenhert von rrundestens eirrer spezifischen Nukleinsaure- 
ztetsequenz Oder emem Teil davon durch AmplifiziererKler Nukleinsaurez»elsequenr(en) Oder einem Teil (Teilen) 
davon in einer Probe, von der vemrwtet wird, daB sie die Zielsequenz(en) enthdit, umfossend dielolgenden Schritte: 

(a) BeharKle^ der Probe mit mindester^ zwel Oligonuktec^kten lOrjeden Strang einer Zielsequenz tmter Hybri- 
dislerungsbedtngungen. 

(i) wobeidie OKgonukleotkto soausgewahft weiden, da8 sle Jedem Strang der Zielsequenz(en) oder etnem 
Toil (Teiien) davon ausreichend komplementar sind, um damA zu hybrkfisieren; und 

(ii) wobei ene LOcke von einer Oder rnehreren Basen zwischen den OSgontrideot^ 

die Ofigonukleotide mit der (den) Zielsequ6nz(en) oder enem Teil (Teden) davon hybridtsiert werden; und 

(i'lt) wobei c£e oiigonukteotkie so ausgewahtt werden, daB das Aulf Ollen der LOcken zwischen thnen weni- 
ger als die vier Basen erf ordert; 

(b) AuffOlten der m Schntt (a> getNldeten Lfk:ke mit einer oder mehreren Basen, die der Base oder den Basen 
in der Lficke komplemervtar sind. und Vertnnden der Base oder Basen, die cfie LOcke fOllen. mitetnander und 
mit den beklen benachbarten hybrkfisierten oligonukteoUden, wodurch ein verbundenes Ofigoni^deotkJprodufct 
gebBdet wird; 

(c) Behandeln des hybrklisierten verbundenen Ofigonukleotk^prodiilctes aus Schrttt (b) unter denaturierenden 
Bedingungen, um das verbundene OTigonukleotkiprodukl (cSe verbundenen Oligonukleotidprodukle) von der 
(den) Zielsequenz(en) oder einem Teil (Teiien) davon zu trm^en, um einzelstrdngige MolekOle zu erzeugen: 

(d) B^hesnMn der In Schritt (c) erzeugten einzelstrariglgen MolekOle rrrft mindesterw zwei OligonukleGAklkom- 
ptementpaaren unter hybrxiisierenden Becfingungen, 

(i) wobd jedes Oligonukleobdkomplementpaar zwei C^igonuWectide mfoBt, die so ausgewahtt strKt, daB 
sie ausrek:hend komplementar zue'mander, zu jedem Strang der Zielsequenz(en) oder elr>em Teil (Teiien) 
davon und zu den verbundenen OBgonukleotidprodukt(en) oder einem Teil (TeHen) davon sihd, um darrnt 
zu hybrfansieren; und 

(}{) ¥Vobei eine Ukxke von einer Oder mehreren Basen zwischen dan ORgonuk^ 

die OSgonukleotide mit der (den) Zialsequenz(en) oder enem Teil (Teiien) davon hytKkfeiert werden; un6 

(Si) wobel dm Oligonukteotkle so ausgewahtt werden, daB zum Aulf OBen der Lik:ken zwischen imen weni- 
ger als aUe vier Basen erforderlich stnd; 

(e) Auff Ollen der in Schritt (d) gebSdeten LOcke rr^ eir>er Oder mehreren Basen. cto der Base oder den Basen 
in der LOcke komplementar end, und Verbinden der Basen, die die LOcke f Ollen, miteinarider vnd mit den 
bekien benachbarten hyt>rk£sierten Oigonukleoliden oder OligonukleG^klkomplementpaaren, wodurch eh 



19 



EP 0425 563 B1 

zusatzfrches verbundenes Oligonukleotidpfodukt (ODgonukleotidprodukte) gebUdet wird (werden), was zu 
tner AmpfilikaUon der Zi0lsequenz(en) Oder e'nes T iles (von Teilen) davon f Ohrt; und 

(f) Nachweisen d&5 V rburxJenen Oligonukleodc^roduktes (der Obgonukleotklproduk^^ 

2. Verfahren nach Arispruch 1 . weiter umfassend den Schritt 

(e*) des Behandelns der hybridisterten OKgonukteotide atts Schritt (e) unter denaturierenden Bedingungen, 
vm cfie hybridisierten Oligonukleotide zu Uennen und einzelstrarigige MoSetcOle zu erzeugen, wobei die Schritte 
w (d)» (e) und (e*) eine gewOnschte Anzahl von Malen wiedertx>ft warden. 

3. Verfahren nach Anspruch 1 , wobei die Nukleotidzielsequenz(en) oder ein Toil (Teito) davon doppelstrangige DN A 
tst (sind) und fttro Strarige vor oder wahrend Schritt (a) getrennt werderu 

IS 4. Verfahren nach Anspruch 1, wobei die Nukieinsaurezielsequenz(en) oder ein Teil CTeile) davon einzelstrangige 
DNA Oder RN A ist (sffid). 

5. Verfahren nach Anspnx:h 1 » wobei dio Oligonutcleotide OTtgodesoxyrft^onukleotide str>d. 

20 6w Verfahren rtach Anspruch 1 . wobei Ofigonukleotidkon^errtentpaare in esrtem molaren OberschuS tm Bereich von 
10^ bis 10^^ Paare pro NuMeinsdurezielsequenz(en) oder einem Teil (Teilen) davon vorhanden sInd. 

7. Verfahren nach Anspruch 1 . wobei die LOcke durch Katalytische M'fttel gefOItt wird. 

ss B, Verfahren nach Anspruch 7, vtKibei die Icatalytischen Mitt^ eine Komb^ion sind, die eine DN A-Potymerase und 
eine DNA-Ugase umtassen. 

9. Verfahren nach Anspruch 7. wobei die katalytischen Mftte! auT polyvneren Tragem invnobirisiert sM. 

30 ia Verfahren rtach Anspruch 9. wobei cfie DNA-Po)ymerase aus der Gruppe ausgewahit ist. cto aus E. coH -PNA- 
Poiymerase-U iaer>ow^ragmenten von E. coli -PNA-Poiymerase-i. T4-DNA-Polymera8e» reverser Trar^iu'tptase 
besteht und die U^se aus der Gruppe ausgewahit ist. die aus E. coR ONA-jJoase oder T4-DNA-Ugase besteht. 

11. Verfahren nach Artspruch 9. wobei die Polymerase und Ugase warmestabil sindl 

12. Verfahrm nach Anspruch 11 , wobei die warmestabile Polymerase ur>d Ugase aus einem Ihemrxiphilen Baktenum 
iso&ert werden. 

13. Verfahren nach Anspruch 7, wobei der Probenmischung kt den Schritten (a) und (d) Desoxynbonuldeolidtr^hos- 
40 phate zugelOgt werden. 

14. Verfahren nach Anspruch 13. wobei die Oligonukleotide und/oder Descocyribomikleoftidtriphosphate nrKXfifiziert 
sind« um gegen ? -» 5'-ExonukJeaseaktivital resistent zu s^i. 

45 15. Verfahren zum Arr^mzieren mMestens einer speziftschen Nuldeinsaurezielsequenz oder ems Teiles davon in 
einer Probe, die wn& Nuldetnsaure oder eine Mtschung von Nutdeinsauren enthalt, umfassend cfie folgenden 
Schrine: 

(a) Behande^ der Probe mrt mendestens zwei O]igonuldeo4iden f Orjeden Strar>g einer Zielsec^enz unter Hybrn 
so dtsierungsbedffigurvgen, 

(i) wobei die Oligonukiaotide so ausgewahit werden, daB sie jedem S1rar>g der Ziel5equenz(en) oder einem 
Tea (Teilen) davon ausreichertd kompimnentSr sind, um damit zu hybricfisieren; und 

55 (ii) wobei eine LCk:ke von einer oder mehreren Basen zwischen den Oltgonuicleotkten vorhanden ist werm 

die Oligonukieotide mit der (den) Zjelsequenz(en) oder einem Teil (Teilen) davon hybridistert werden; und 

(Pi) wobei die Oligonukleotkie so ausgewahtt werden, daB das AuffOtien der LOcken zwischen ihn^n wen>- 
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ger als alle vier Basen erfordert; 

(b) Auff0llenclertnSchrm(a)gebiki8tenL0ckemitein rod rmehreren Basen. die der Base Oder d n Basen 
in der LOcke komplementar sind. und V^rbinden der Base Oder Basen, die die LDcke fOllen, nitteinand r und 

s mit den beiden benachbarten hybric^ierten Otigonukteotiden, wodurch ein verbundenes Otigonukieotidpro- 

duktgebBdetwifd; 

(c) Behandein der hybrklisierten Oligonukleoti4»rodukte aus Schritt (b) unter dertaturierenden Bedingungen, 
um das verbundene OTigonukleotidprodukt (die verbundenen Oligonukteolidprodukle) von der (den) Zielse- 

10 quenz(en) oder einem Teil n<a^^) davon 2u trerv>en. um einzetstrangtge MolekOle zu erzeugen; 

(d) Behandeh der ri Schrftt (c) erzeugten einzelstrangigen Molekflle mit nrw>destens zwet Oligonukleotklkonrv 
plerr^tpaaren» 

IS (i) wobei jedes OTtgonukleotidkomplementpaar zwei Otigonukleotkle umtadt, cSe so ausgewl^ sind, da0 

sie ausretchsnd komptementar zueinander, zu Jedem Strang der Zielsequenz(en) oder einem Teil (Teiten) 
davon und zu den verbundenen Ofigonukteotidprodukt(en) oder enem Teil (Teilen) davon &nd, um damit 
zu hybridisteren; und 

20 (H) wobei eine LOcke von eirier Oder mehreren Basen zwschen den CX^^ 

die Ofigonukleottde mit der (den) Zieisequenz(en) oder einem Teil (TeSen) davon hybricfisiert werden; und 

(ill) wobei die OiigonukteoikSe so ausgewahtt werden, daB zum AuHOHen der LOcken zwischen tmen weni- 
ger als aBe vier Basen eriorderlich sind; 

2S 

(e) AuffOUen der in Schritt (d) getrikleten Likcke mit einer oder mehreren Basen, die der Base oder den Basen 
in der LCicke komplementar sind. und Vorbinden der Basen. cSe die LDcke fOllen. mitebiarKler ur)d mit den 
bekten bwiachbarten hybricfisierten Oltgonukteotkten oder Oi^onukteo tklkomp lementpaafen, wodurch ein 
zusdtzGches verbundenes OligonukleotkjprDdukI (OIigonukleolid$f>rodukte) pebOdet wtrd (werden). was zu 

30 einer AmpORkaKkm der Zleisequenz(en) oder enes Teiles (von Teilen) davon tOhrL 

16. Verlahren nach Aispruch 15, wefter umfassend den Schritt 

(e*) des Behandelns der hybrktoierten Oligoruikieotide aus Schrftt (e) unter denaturterenden Bedingungerv 
9S um ae hybridteierten OKgonukteotide zu trermen und einzelstrangige Molekfile zu erzeugen. wobei die Schrrtte 

(d). (e) und (6*) ^ne gewOnschte Anzahl von Malen wiederholt werden. 

17. V^rfahren nach Anspruch 15. ytdbm die Nuk)ein8aurezielsequenz(en) oder ein Teil (Teile) davon doppelstrangige 
DNA fet (sind) urid &ve Strange vor Oder wShrend SchrW (a) gotrennl wer^ 

40 

18. Verfahren nach Anspruch 15, wobei die Nuklein$aurezielsequeru(en) oder ein Tea (Teile) davon einzelstrarigigte 
DN A Oder FWAIst (sind). 

19l Verfahren nach Anspruch 15, wobei die Ol'igonukleotkie Oligodesoxynbomikleotide sind. 

45 

2Ql Verfahren nach Anspruch 15,. wobei OligomikleGAxflcomplementpaare als riKklarer OberschuB vn Bereich von 10^ 
bis 10''^ Paaren pro Nlukieinsaureztelsequenz(en) oder einem Teil (Teilen) davon vorfiegen, 

21. Verfahren nach Anspruch 15. wobei <fie Ukike durch kataiytische Mmel gefOm wird. 

so 

22. vferfahren nach Anspriich 21. wobei die katalytlschen MmeleineKornWna^ 
ebie DNA-Ugase umfassen. 

23. Verfahren nach Anspruch 21, wobei die katalyttschen Mrttel auf polymeren Tragem tmmobilisiert sind. 

ss 

24. Verfahren nach Anspruch 22, wobei die DNA-Polymerase aus der Gn^)pe ausgewahit ist, die aus E^j^l-DNA- 
Potymerase-I. iClBnow-FraQTrtenten von E. colh DNA4>otymerase-t. T4-ONA-Polymerase, reverser Transkriptase 
besteht und die Ugase aus der Gruppe ausgewahit ist die aus E. coB -DNA-Lioase und T4-DNA-Ljgase besteht 
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25. Verfahren nach Anspruch 22. wobei die Polymerase und Ugase warmastabtl sind. 

26. Verfahren nach Anspruch 25. wobei die warmestabitePofym rase und Ugase aiis inem thermophtlen Bakteriunn 
isoDert werden. 

5 

27. Verfahren nach Anspruch 2a wobei der Probenmischung in den Schrinen (a) und (d) Desoxyn'bonukleotidtriphos- 
phate zugetOgt werden. 

28. Verf^ren nach Anspruch 27. wobei die OligonukSeotide und/oder DesoocyrftxmukleotkftnphospTiate modiTiziert 
10 sirKi. urn gegen 3^ -» S-Exoru^kteaseaktivftat resistent zu sein. 

29. Kit zum Nachweisen der Gegenwart oder Abwesenheit von mindestens eror speziiischen Nukleffteaurezielse- 
quenz oder einem Tett (TeDen) davon in einer Probe, von der vermutet wird. daB sie die Zieteequenz(en) enthatt, 
gemaB dem Verfahren von Anspruch 1 . umfasserxt 

IS 

mindestens einen Behatter, der mtndesteris zwet Ofigonukleotidkomplerrientpaare enthaft, wobet ein Oligonu- 
kleotkikomplementpaar zwei OKgonukleotkie umf a&t^ die so ausgew^tt sir>d. daO sie ausreicherKi komple- 
mentar zueinander imd zu iedem Str^g der Zieksequenz(en> oder einem TeH (Tetlen) davon sind, um damit 
zu hybridisieren; 

20 

ein Mittet zum Mtschen der Probe mit den Oagonukleottdkomplementpaaren unter Hybridisleningsbedfngun- 
gen: 

ein Mrttel zum VDrbinden eines OHgonukleotktes von einem ersten Oligonuklectidkomplenr>entpaar mit etnem 
2S CHigonukteotkl von einem zweften OBgonukiootidkomplementpaar^ wenn bekte OEgomiMeolide an den glen 

Chen Strang einer Nukteinsaure hybrktisiert sind. um ein verbundenes Oligonukteotidjpfodukt zu bikten. nach- 
dem die Probe urtd die ORgonuMeotkficomplementpaare gemischt sind, wobei das Mrttel zum VerbirKien des 
Oligonukleotkte aus dem ersten OSgortukteotidkomplementpaar rrwl dem Oligonukleotid aus dem zweiten 
Komplementpaar eine DNA-Pdymerase, em DNA-Ligase xm6 DesoKyrft>onukleotidtnphosphate umtfaBt; 

und effi Mittet zum IMachw^sen der vertHindenen Oltgonukleotidprodukte. 

3a Krt nach Anspruch 29, weiter umtessend etnen Behatter. der eine positive KontroUe f Or cSe OKgonukleotkJkomple- 
mentpaaue einthStt. c£e die spezifischen Nukleir>saurezielsequenz(en) Oder eir^ Teii (Teile) davon enthalt; imd 

3S 

einen BehSlter. der eine negative Kontrolle lOr die Oligonukieo«kikomplemen^>G^6 enlhalt cfie rncht cfie spe- 
zifischen Nuklemsaurezielsequenz(en) oder etnen Toil (Teile) davon enlhalL 

31 . Kit nach Anspruch 29, wobei dto Otigonukteotkle OSgodesoxyrftxinukleotlde sindL 

40 

32. Kit nach Anspruch 29. wobei die DNA-Polymerase aus der Gruppe ausgewahit tet, die aus E. coli -DNA-Polvmer- 
ase-l, Kjenow-Fraomenten von E. coB -DNA-Poiymerase-l, T4-DNA-Polymerase, reverser Transkriptase besteht 
und die DNA-Ugase ausgewahlt ist aus d^ Gruppe. die aus E. coli -PMA*Ugase tmd T4-DNA4igase besteht. 

45 33. Kit nach Arispruch 29, wobei die DNA-^^otyrrierase ur>d DNA^Jgase wa^ 

34. Kit riach Arispruch 29; wobei d»e DNA^'olynrwrase urK! DNA-Ugase auf polyr^ 

35. KHn«:h Arispruch 29, wobei cfi6DescxyitKy)ukleotidtriphK>sphaternark>^ 

so 

36. iatnachAr)spruch29.wot>eidasMmelzumNachwelsendesverburKier>enO&go^ 
Desoxyrftwnukleotkttriphosphate nachweist 



ss Revendlestlons 

1. Proc^dd de cKtectkin de la presence ou de fabsence d*au rTK>tns une $dquer>ce cft>le dackto r>ucl6k|ue spdciflque, 
ou d'une partie de cetle-ci. en amplifiant la (les) s^er)ce(s) ctble(s) d^kte nucldique. ou de pai1ie(s) de cell 
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(s>-ci, dans un tehantillon suspects de contenir ta (les) s^u nc8(s) ctbla(s). comprenant I s stapes de : 

a) traitem nt de rdchantillon avec au moms deux oltgonuct^otides pour chaque brin d'une s6qu nee cible, 
dans dds conditions ^hybridation. 

t) dans lequeJ les otigonuddotides sont chotsis de fagon £i dtre suffisanrvnent compl6mentaires acvec cha- 
que brin de la (des) s6quenoe(s) cible(s) ou de partie(s) de ceUe(s)-a afin de sTiybrider avec eux et 
fi) dans tequel una br6che correspondant & une ou plusteurs base(s) est presents entra les oligonucleo- 
tides lorsquo les oligonucldotides s'hybrident sur la (les) s6quence(s) cible(s). ou une (des) partie(6) de 
cetle(s)-ci ; et 

Hi) dans tequet les oligonucleotides sont chotsis de fagon h ce que les brtehes entre eux ndcessitent morns 
que les quatre bases enti^res pour rerr^ltr la brdche ; 

b) rerpplissage de ta br^che formee & Tdtape (a) avec une ou plusieurs base(s) compienrtentaire{s) & la base 
ou aux bases dans la brdche et jonction de la base ou des t>ases qui rempfissent la br^che r(les) une(s) avec 
f{\es) autre(s) et avec les deux oligonucleotides hybrid^s ad]acents» et de cette fagon, formation d*un produrt 
otigonudeotidique 66 ; 

c) traitement du produft oligonucieotidique tie hybride de retape (b) dans des corKfitions denaturantes afin de 
separer le(s) pfDdutl(s) otigonucieotidtque(s) pe(s) do la (des) sequef>ce(s) cft>le(s), ou de(s) paftie(s) da ceiie 
(s)-ci, afin de produire des moiectdes k svnple brm ; 

d) traitement des moMcules k sirT^>le brm pnochiUes k retape (c) avec au moins deux paires comptementaires 
d'ofigonucieotides. dans des condftlons dYvyt>ridation. 

r) dans lequet chaque palre compiementatre tfottgonuctectides comprend deux c^igonudeotides choisis 
de fagon d ce qu*ils soient sulfisammenl corT^>l6mentaires run avec rautre, pour chaque brin de la (des) 
s6quence(5) cible(s), ou de(s) p;artie(s) de celle(s)-ci et pour le(s) ppoduit(s) oltgohucieo«idique(s) lie(s)» 
ou de(s) partie(s) de cehii-ct (ceux-o). afin de stvybrider avec ceux-d : et 

K) <ians tequel une brtehe cf ime ou plusieurs bases est presents witre les oligorMJcieotides lorsque les 
oligonucleotides sont hytKides k la (aux) sequence(s) able(s)» ou e une (des) partie(s) de ce»e(8>-ci ; et 
tiO dans lequet les otigonucteotides sont choisis de fagon k ce que les bred^es entre eux necessitent moins 
que les quatre bases emieres pour rmpltr la br^che ; 

e) remplissage de la breche tonnee ^ retape (d) avec une ou plusieurs bases compiementatres h la t>ase ou 
aux bases dar>s la brk^he et jonction des bases rempitssant la brtehe les imes avec les autres et avec les 
deux oligonucteotides hybrides adjacents ou les paires compiementaires dToligonucieotides, et de cette fagon 
formation d'un (de) produit(8> origonucJeotkfique(s) ne(s) 5uppiementajre(s). ce qui entralnera ramplification 
de la (des) sequ8nce(s) cft>le(s) ou de partie(8) de celle(s)-ct ; et 

f) detection du (des) produit(s) oltgonucieotidique(s) 66(8). 

Precede de la revencfication 1. kiduant* de plus, retape de : 

e*) traitement des oligonucteotides hybrides de retape (e) dans des corxAions denaturantes pour separer les 
ol^csnucieatides hybrides et produire des molecules d sOTiple brin, dans lequel les et£9>es (d)» (e) et (e*) sont 
repetees un nombre de fois c^sire. 

Prpcede de la revendication 1 , dans lequel la (les) sequence(s) cft>le(s) cf acide rHidek^ua ou une (des) partie(s) 
de ceHe(s)-ci est de rADN k double brin, et ses brirts sont separes avant retape (a) ou perxta n t celled. 

Precede de la revendication 1 . dans tequel tei (les) sequence(s) cd>le(s) tfacide nudekyue ou urte (des) partie(s) 
de ceDe(s)-ci est (sont) de rAON ou de r ARN d un seul brn. 

Precede de la revencteation 1 , dans lequel les oligonuciecAides sont des ol>god6so(xyfiborux:ieotides. 

Precede de la revendication 1 dans lequel les paires comptementaires tfoligonucieotides soni presentee en tant 
qu'excto mo^ire ctens une fourchette de 1 0^ d 10^^ paires par sequence(s) cibte(s) d'acides micteiques ou partie 
(s) de celle-d. 

Precede de la revendication 1, dans lequet la breche est rempBe au moyen d*agents catalytiques. 
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Proc6d6 de la revendication 7, dans tequel Jes agents catatytiques sont une combmsuson comprenant une ADN- 
po»ym6rase et una AON-ligase. 

Proc^dd de ia revendicalion 7. dans lequel tes agents catalytiques sont tmmobtOs^s sur des supports pdym^res, 

Proc^ de la revendicalion 9, dans lequel rADN-potym^rase est choisie parmi un groupe cxnsistant en ADN 
polym^rase-l d'E.coli, fragments de Klenow. tfADN potymdrase-l d^coli ADN-polym6rase T4. transcriptase 
inverse el la figase est choisie parmi vn groupe consistant on urte ADN4igase d'E.coB ou une ADN-Jigase T4. 

Proc6d6 de la revendication 9, dans lequel la potymdrase et la Kgase sont stabtes k la chaleun 

Proc^ de la reverKfication 11 . dar^ lequel les potymdrase et ligase stables ^ ta chateursont isoldes d'une bact^rie 
thermophite. 

Pfoc6d§ de la revendication 7 dar^ lequel des triphosphates d^saxyribonuddottdiques sont a|outds au mdtange 
d'dchantillon aux stapes (a) et (d). 

Proc^ de la revendication ia darts lequel les ofigonucldotides et/ou les triphosphates ddscocyn^bonud^iques 
sont modifies pour devenir idsistants d une activity d'exor>uct6ase (to 3* -> 5*. 

Procddd d^pIifK:at>on tfau moons une s6quer>ce cft>le d*actde nud^ique spdctRque, ou d*une partie de ceRe-cl, 
dans un ^chantlHon contenant un acide nucl6ique ou un melange tfacides nucldiques, comprenam tes stapes de : 

a) traitement de r^chantilton avec au moins deux oTigonucl^otides pour chaque brin dTune sequence c&le, 
25 dbns dee concftions dtiybrklatiorv 

0 dane lequel les oTigonucMotides sont choisls de ta^on & dtre suffisarmnent compl^mentaires avec cha* 
que brki de la (des) s6quence(s} ct>)e(s> ou de partie(s) de celte(5)<j af^ de sliyb^ 
S) dans lequeT une brtehe cfime ou plusieurs baseCs) est pr^servie entre tes oKgonucttettdes lorsque les 
30 oligonuoltetdes s'hybrident sur la (les> s^ence(s) cft>le(s)p ou une (des) partie(s) de cette(s>-ct ; et 

no darts lequel les oOgonucldotides sont chotsts def £^on ^ ce que les brtehes entre eux n^cessitent moins 
que les quatra bases enti&res pour remplr la brtehe ; 

b) rempltssage de la br^che formto k r^tape (a) avec une ou plusieurs base(s>comFrf6nnentatre(6) ^ la base 
3S ou aux bases darts la brtehe et jonction des bases qui rempBsservt la brtehe les unes avec les autres et avec 

les deux oBgonuddotides hybrid6s adjacents. et de cette f agoa formation dtun produft oltgonucldotkfique U6 ; 

c) traitement des ofigonudtetides hybrid^ de r6tape (b) dans des conditions d^naturantes afin de s^parer 
le(s) produn<8) oligonucl6oticftque(s) Ii6(s) de (des) s^uence(s) ca>le(s). ou de(8) partie(s) do ceBa(s>-ci, 
afin de produire des molecules 6 sntiple brin ; 

4o d) traitement des moldcules & ssnple brin produites h fdtape (c) avec au moms deux paires compldmentaires 

d'ottgonucltotides. 

i) dans leque) chaque paire compldmentaire tfofigonud^olides comprend deux ottgonudtetides choisis 
de f a^on ^ ce qu*its soient suRisanrvnent oompldmentaires Tun avec fautre, avec chaque brin de la (des) 
4S s^uence(5) ca>le(s). ou de(s) partes) de celle(e)-ci et avec le(8) proc^(6) o&9onucl6otkSque(&) ^s), 

ou de(5) p»1ie(s) de celu)K:t (ceux-^^. afm cto sTvybrider avec c^ 

B) d^is lequel urte brtehe dTune ou plusieurs t>ases est pr^sente entre les oOgomidtetides lorsque les 
oligonucleotides sont hybrid6s & la (aux) s6quence(s) able(s). ou & une (des) partie(s) de celte<s>c{ ; et 
eo dans lec^ les oBgorttx^ldotides som choisis de lagon £^ 
so que les quatre bases entifrres pour remptir la brtehe ; 

e) remplissage de la brtehe forrnte d retape (d) avec ur» ou plusieurs bases compl6nr)ent^ 
aux bases dans la brtehe et fpncOon des bases remptissant la brtehe les unes avec les autres et avec les 
deux otigonucltotides hybrid6s adjacents ou les patres compl6mentafa-es d*oligonuci6otides, et de cette ta9on 
ss formation cfun (des) produit(s) o!igonucltoticfique(s) Ii6(8) suppldmentaire(8). ce qui entralnera ramplificatton 

de la (des) sdquenc6(s) c%>le(s) ou de partie(s) de celle(8><u. 

16. Proc6dd de la reverKfcation 15, DiduarTt, de plus, r^tape de : 



a 

9. 

5 

10. 

10 11. 
12. 
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so 
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(e^trartementdesoligcxiucldolides hybrid^ d P6tape (e) dans descxarxJitonsd^nalurantes poor 6par rles 
oligonucldolides hybrid^s el prodiiire des molecules ^ simpte brin, dans lequet les 6tapes (d), ( ) I (e') sont 
rdp^tdes un nombre de fois d6sir6. 

17. Proc^ de ta rovendication 15, dans tequel ta (les) s6quence(s) cible(s) rfacide nucldique oo une (des) partie(s) 
de ceneisKi est de PADN d double brm, el ses brins sont sdpar^s avant fdtape (a) ou pendant ceWe<:i. 

18. Pioc6d6 de la rovencfication 15. dans tequel ta (les) s6quenc©(s) ca>le(s) d-acides nucfcSiques ou une (des) partie 
(s) de ceHe(s>-ct est de TADN oo de PAW k simple brin. 

19. Procddd de la revendication 15, dans lequel les oligonucldolides sont des oligod6sa)(yribonucI6otides. 

20 Pfoc6d6 de la revendtcalion 1 5 dans lequel les paires connplSmentaif es d^oligonuclMides sont prSsentes en tant 
qu-excfes molaire dans une tourchette de 10^ & lO^s paires par sequence (s) cft)le(s) rfacides nod^lques oo partie 
(s) de ceQe-cl 

21. Proc6d6 de ta rovendication 15, dans lequel la brfeche est rempfie au moyen dTagents catatytiques. 

22. Proc^ de la revendicalion 21. dans tequel tes agents catatytiques sont une combinaison cornprenant urte ADN- 
polymdrase elt une ADN-iigase. 

23. Proc6d6 de la levendication 21 . dans tequel les agents catatytiques sont immoblfis6s sur des supports polymdres. 

24. Proc6d6 de ta rwendlcation 22 dans lequel PADN-potymdrase est choisie panni un groi^ consistant en ADN- 
polym^rase-l d-E-CoH. fragmerts de Ktoncw. d'ADN-polymdrase-l rfE.C50«. ADN-polym6rase T4, transcnplase 
inverse et la figase est choisie panmi un groupe consistant en une ADN-figase tfE. CoB ou une ADN-ligase T4. 

25. Procdddde la revendication 22, dans lequel la polyrn6raseet la H^ee sont stabler 

26. Proc6d6 de la rovendication 25. dans lequel les polymerase et figase stables & la chaleur sont tsoiees d*une bact6rie 
thenmopttHe. 

27- Proc6dd de la revendication 22 dans lequ^ des triphosphates ddsoxyribonuctectkfiques sont a|outte au mdlange 
d'6chant»on aux stapes (a) et (d). 

28. Proc6d6de la revendicatksn 27, dans lequel les oligwuadotideset/^ 
mod^ poor devenir rdsistsmts h une activity cfexoriucldase de 3* -> 5* 

29. Trousse pour la detection de la presence oudefabsenced'aurnoins une sequence ctoled*ac^ 

cmque, ou de partte(s) de celle(s>-ci dans un echantiUon suspects de corHentr la (les) sdquence(s> cible(s)» selon 
le processus de la revencfication 1. comprerwt : 

au fndkns un conleneur conlenant au mains deux paires compl6mentaires d*oligonucldc«ides, dar»s lequel une 
patre oompl6mentaire d'oligonuddolides connprend deux oUgonucieolides cholsis de fafon ft 6tro suffisam- 
mert compiementaires fun avec d P^uire et avec chaque brin de la (les) sdquence(5), ou de partie(s) de celte 
(s)-cl, afin de sliybrider avec eux ; 

un moyen pour mdtoger fdc^tantitlon avec tes paires compl6menlaires oligonuddotides dans des conditions 
d^ybrldatkxi i 

un moyen pour joindre im oRgonudtotide prcvenant d*ur>e premiere paire compldmeniaire d*oligomicWc4ides 
d un oOgooodeobde provenantdHme secor>de paire compl6mentaire rfoligonucidotldes. lorsque les deux oB- 
gonuddotides sont hybridds au m6me brin dTun acide nuctdique. pour former un produft oBgonucteoWdique Ii6 
aprto que rechanUHon et que les paires oftgnonudtotides de compl6menl se sort m6lang6s. dans lequel le 
moyen de )onction de PoligonucWolide pravenartf de la premiere paire compiementaire cf oltgomicieotides d 
PoTigonudtetide de la seconde paire corripiementaire tf dtgonucieotides comprend une ADN-potynndrase, une 
ADN-ligasG, et des triphosphates desco(yrft>onucl6otidtques ; 
et un moyen pour la detection de la jonction des produits oligonucldotidiques fids. 

30. Trousse de la revendication 29 comprenant, de plus, un conteneur contenant un contr5le posilif pour les paires 
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compWmentaires cfoligonucWotides cont nant ta (les) s6qu nce(s) cble(s) cfacid nuddique spdcifique(s). ou 
une(des)par1ie(s)deceRe(sKt; t 

un conteneur contenant un contrOle n^tit pour les paires compl6menftair©s cf oligonuctecrttdes n contenant 
5 pas la (les) s6<Hience(s) cftrte(s) cf adde nud6kju8 sp^cmque(s) 

31 . T(OUSS6 <te la revendication 29, dans loquel tes oligonucltolides sont des origc)d6sc»<yrtbonuc»6olides. 

32. Trousso do la revencfic^ion 29, dans leque! PADN-polym^raso est choisie panmi on groupe consistant en ADN- 
io polym6rase-l rfE.ool, fragmerts de Klenow. d'ADN-poJym^rase-l tfE.coli. ADN-polym6rase T4, transcriptase 

In^rerse et ta Bgase est choisie parmi un groupe consistant en one ADN-figase d^, Coli ou une AON-ligase T4. 

33. Trousse de la revencfication 29, dans tequel TADN polirm^rase et f ADN ItgE^ sont stables £i ta chaleur. 

f 5 Trousse de ta revendication 29. dans lequel les ADN polymerase et tigase stables k la chaleur sont ffnnr»obilis6es 

sur des supports polymferes. 

35. Trousse de ta revendication 29, dans lequel tes triphosphates d6soxyrft)onucl6oljdiques sont marques. 

so 36. Trousse de la revendication 29, dans lequel le moyen de d6tection du produM oligonocl6otidique ft6 d^tecte les 
triphosphates ddsoKyribonucIdctldiques marqute. 
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